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SUMMARY 
Nem chua is a traditional Vietnamese uncooked fermented meat product. For 
centuries it has been one of the most important Vietnamese traditional foods consumed 
during the country’s special days including New Year’s Day, weddings, and festive 
celebrations and as a part of the daily diet. However, despite its popularity, nem chua is still 
mainly produced by small family businesses using traditional methods and practices that 
are based on art rather than science. The fermentation process, the key hurdle to ensure the 
product safety, occurs naturally or with back-slopping and without the use of starter culture. 
In other words, the outcome of fermentation typically depends on the competitive activities 
of a variety of native microorganisms. There is a current lack of information about this 
native microbial population of nem chua. The practice of natural fermentation or the 
repeated use of back-slop in fermented meat production implies significant risks of 
contamination due to the possibility of physiologically inactive back-slop or transmissions 
of unwanted microorganisms among batches. Consequently this method is no longer 
allowed in some countries including Australia, New Zealand and is not recommended for 
use in many others such as Canada. A search for starter culture for nem chua is therefore, of 
great importance to improve the safety of this product. This project was thus developed to 
address this shortage. The project includes two parts; the first part was dedicated to 
investigate the native microflora of nem chua and the second part of this project was 
focused on developing the protective starter culture for nem chua. 
To evaluate the hygienic status of nem chua, a total of ninety nem chua retail samples 
were purchased from various outlet types in the North, Middle and South of Vietnam. The 
samples were assayed for total viable count (TVC), lactic acid bacteria (LAB), 
Enterobacteriaceae, Escherichia coli and Staphylococcus aureus. Enterobacteriaceae and 
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E. coli levels were used as indicators for production hygiene and S. aureus levels to indicate 
human contamination in nem chua production. The effects of pH and four sample 
parameters (product size, product origin, retail outlet and storage condition) were also 
examined. It was found that LAB were predominant in nem chua microflora, accounting for 
80 − 100% of TVC. Using the Australian microbiological guidelines for uncooked 
fermented meat, 92.2% (83/90) of the samples were classified as unacceptable for 
Enterobacteriaceae, 53.3% (48/90) as unacceptable for E. coli and 56.6% (51/90) as 
unacceptable for S. aureus. High levels of Enterobacteriaceae and E. coli indicate poor 
production hygiene while high S. aureus level indicates poor handling practices and likely 
human contamination. E. coli O157:H7 was unexpectedly detected in nem chua but 
confirmed to be non-toxigenic. The product origin, retail outlet and storage condition had a 
significant effect (P<0.05) on product microbiological quality. These results indicate 
hygienic deficiencies in sausage processing and the need to improve poor handling 
practices. 
To study the diversity of the native LAB population in nem chua, a total of 74 LAB 
were randomly isolated from 30 nem chua samples from the North, Middle and South of 
Vietnam. The LAB isolates were identified by their sugar fermentation characteristics 
(using API 50 CHL kits) and 16s rDNA sequencing. The LAB isolates identified as 
belonging to the same species were differentiated to strain level using two molecular 
fingerprinting methods: Pulse field gel electrophoresis (PFGE) and repetitive-PCR (rep-
PCR). The PFGE and rep-PCR patterns were differentiated visually and further analysed 
with GelCompar II software using the Unweighed Paired Group Arithmetic Average 
(UPGMA) method. It was found that 67.6% of all LAB isolates belonged to the species 
Lactobacillus plantarum, followed by Pediococcus pentosaceus (22.7%) and L. brevis 
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(9.3%) with only one isolate (1.4%) being a L. farciminis. The majority of L. plantarum 
isolates (72%) derived from nem chua in the Northern regions while most of P. 
pentosacerus isolates (62.5%) were isolated from nem chua in the Middle of Vietnam. A 
great genetic plasticity was observed among LAB isolates within the same species, with 
similarities ranging from 16.9 to 100%. These results suggest the great diversity of nem 
chua characteristics among different regions of Vietnam.  
The second focus of this project was to isolate a potential protective starter culture for 
nem chua. Thirty nem chua retail samples were purchased from different regions of 
Vietnam for the isolation of LAB. The LAB were isolated from nem chua based on their 
acidifying ability and their ability to produce antimicrobial compounds other than acids. 
One-hundred and five strong-acidifying LAB isolates and thirty-nine LAB isolates 
producing antimicrobial compounds other than acids were collected. The LAB were then 
screened for their antagonistic ability towards a range of Gram-positive and Gram-negative 
indicator bacteria using agar spot assay. Two LAB isolates, coded A17 (strong acidifying) 
and B21 (producing antimicrobial compound other than acids), were selected among all 
isolates for their strongest and broadest inhibitory spectra towards all bacterial indicators. 
Identification of these two LAB isolates (using API 50 CHL strips and 16s rDNA 
sequencing) showed similar results in that both strains belonged to Lactobacillus plantarum 
species. Their rep-PCR and PFGE molecular typing, as well as intracellular protein profiles, 
on the other hand, showed that they are two different strains in the species of L. plantarum. 
The strains L. plantarum A17 and B21 were investigated further for the antimicrobial 
compounds they produce. The results showed that after eliminating possible antimicrobial 
compounds including organic acids, hydrogen peroxide or carbon dioxide, L. plantarum 
A17 lost its antagonism while the antagonistic activity of B21 still remained. This result 
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suggested that L. plantarum B21 possibly produced an antimicrobial compound known as 
bacteriocin. Identification and characterisation of this antimicrobial compound was carried 
out for L. plantarum B21. The results demonstrated that this antimicrobial compound is 
proteinaceous, stable over a wide range of pH from 3.0 to 10.0, and moderately heat-stable 
(stable at 37oC/2 h, 37oC/24 h, and 90oC/20 min, and lost after 121oC/15 min). Separation 
of this antimicrobial compound on tricine-SDS-PAGE gel, followed by overlaying with 
indicator bacterium showed that the inhibitory activity was associated with a protein band 
at apparent molecular weight of about 5.5 kDa. Taking into account its antagonistic 
activity, protein nature, pH and heat resistance and low molecular weight, the antimicrobial 
compound produced by L. plantarum B21 can be defined as a small, heat stable bacteriocin 
belonging to class II. 
For use as a meat starter culture, L. plantarum A17 and L. plantarum B21 needed to 
be evaluated for their ability to reduce E. coli load in the product. Their antagonisms in 
vitro (MRS broth) and in situ (nem chua) were evaluated against a composite mixture of 
three E. coli strains. The results illustrated the ability of both L. plantarum strains to grow 
and ferment quickly from 7 log to >9.0 log within one day both in vitro and in situ. Both 
strains could also reduce pH from >6.0 to <4.0 in one day in vitro and from >6.0 to <4.5 in 
less than two days in situ during the challenge study. In vitro, L. plantarum A17 and B21 
could reduce 3.19 log and 2.69 log of E. coli after one day of fermentation and could 
completely inhibit E. coli (i.e. >5-log reduction) after 1.5 and 3 days of fermentation, 
respectively. In situ, A17 could reduce E. coli to <10 CFU/g in three days compared to four 
days by B21 (i.e. >4-log reduction). The results of the shelf-life study also demonstrated the 
ability to reduce naturally contaminating E. coli to < 10 CFU/g i.e. >4-log reduction within 
three and four days by L. plantarum A17 and B21, respectively. Both strains thus met the 
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Australian regulatory requirements for use as a meat starter culture. Additionally, both 
strains could extend product storage stability from 2.5 days as in the case of natural 
fermentation or back-slopping to >10 days at 30oC. Further study, however, is needed to 
evaluate the sensory quality of the products produced using these strains as starter culture. 
In conclusions, the results of this project indicated the risks implied in consumption 
of nem chua due to hygienic deficiencies and the poor handling practices. However, this 
traditional fermented meat product has survived the market for generations thanks to a 
diverse native population of LAB, with Lactobacillus plantarum and Pediococcus 
pentosaceus as the predominant species. These LAB not only preserve the product through 
the production of various antimicrobial compounds especially organic acids mainly lactic 
acid, they also cause desirable changes in the meat texture and flavour, resulting in the 
development of product sensory characteristics. The observed diversity in this native LAB 
population helps explain the unique sensory characteristics of nem chua from different 
producers and regions of the country. However, the activity of this native LAB population 
through natural fermentation or back-slopping could not consistently assure the safety and 
quality of nem chua, with the fermentation usually being unpredictable and difficult to 
control. Therefore, it is important to apply starter culture to initiate and dominate the 
fermentation process, and to ensure product safety and quality. In this study, the two strains 
of L. plantarum, A17 and B21, isolated from nem chua were found to meet the Australian 
regulatory requirements for use as meat starter cultures due to their ability to reduce more 
than four logs of E. coli in the product. These two strains could also improve product 
storage stability and extent product shelf-life. The strain L. plantarum B21 was also proven 
to produce an acid and heat stable bacteriocin. In view of its interesting characteristics, this 
bacteriocin has an application potential as a natural preservative in nem chua as well as 
other pasteurised, acid or non-acid foods.  
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CHAPTER 1- INTRODUCTION 
1.1. Fermented meat products  
1.1.1. History of meat fermentation 
Meat, defined as the flesh of animals used as foods (Lawrie, 1998), has long been a 
central component of the human diet. Fermentation is civilization’ earliest attempts at meat 
preservation, which began possibly as far back as 1500 BC (Moore, 2004) in the 
Mediterranean regions (Lucke, 2000a, Lawrie, 1998) or China and Southeast Asia (Adams 
and Moss, 2008), suggesting that they probably developed independently in several 
locations. The origin of fermented sausages can be traced back with accuracy to around 
1730, when salami was first mentioned in Italy. From Italy, the art of producing fermented 
sausages spread to other European countries and was established, for example, in Germany 
in 1735 and Hungary in 1835 (Hammes et al., 2003). Today in various parts of the world, a 
large number of different types of fermented sausages exist and the consumption of 
uncooked fermented sausages is still greatest in Europe (Ross and Shadbolt, 2001). 
Chinese-style sausage, with pork as the main ingredient, is now also very common in Asia. 
For centuries, knowledge about traditional fermentation technologies has been handed 
down from parents to children. It was learnt that the addition of salt and sugar to ground 
meat, followed by a holding period was beneficial in the preservation of the meat and 
resulted in a product acceptable to the palate. Fermented foods have been adapted over 
generations with some products and practices becoming outdated. Those that remain today 
have not only survived the test of time but also more importantly are appropriate to the 
technical, social and economic conditions of the region. Nowadays, meat fermentation is 
still a highly popular technique of meat processing throughout the world, thanks to its 
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relatively efficient, low energy production, increased shelf-life and reduced need for 
refrigerated storage (Adams and Moss, 2008). It also serves as an affordable and 
manageable technique for home food preservation. Fermentation can also increase the 
safety of foods by removing their natural toxic components and preventing the growth of 
pathogenic and spoilage microorganisms as well as imparting attractive flavour and 
nutritive value to many products. In tropical developing countries and remote areas where 
access to sophisticated equipment is limited, fermentation serves as an affordable and 
manageable technique for food preservation at house-hold level or small-scale businesses 
(Adams and Moss, 2008). 
1.1.2. Fermented meat products worldwide 
The increasing world population and the need to improve living standards have 
paralleled the increase in variety of meat products with different size, shape and sensory 
characteristics as usually viewed in butcher shops or delicatessen sections of supermarkets. 
In some countries there may be several hundred different meat products, each with its 
individual product name and sensory profile. It is estimated that approximately 5% of the 
total meat production (carcass weight) is further processed by fermentation (Hammes et al., 
2003) and 30% of the meat consumption is based on fermented meat products (Beumer, 
2001). The European Union produced 689,000 tonnes of sausages in 1988 (Hammes et al., 
2003) and 750,000 tonnes in 1995 (Lucke, 1998). The major producers of fermented meat 
products in the EU are Germany, Italy, Spain, and France. In Asia, the consumption of 
fermented meat products is also very popular with long history up to thousands of years 
(Xiong, 2005). In addition to common Western-type fermented sausages, traditional 
indigenous fermented meat products made from different meats such as pork, beef, mutton, 
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and various animal parts such as ears, heads, tongues, internal organs, also play an 
important part in Asian diet. 
There is a bewildering variety of different types of fermented sausages all over the 
world, such as around 330 types of fermented sausages are produced in Germany alone 
(Adams and Moss, 2008). Demeyer and Stahnke (2002) and Lucke (2000a) provided 
classifications of fermented sausages based on different parameters as follows: 
- geographical areas, such as Northern and Mediterranean or Southern types; 
- casing diameter; 
- degree of comminution of the ingredients; 
- animal species used for obtaining the raw material; 
- fat content and type of fatty tissue used; 
- the use of special spices and seasonings; 
- the types and proportions of other non-meat ingredients; 
- with or without mould fermentation; and 
- the water activity (Aw) of the final products. 
Classification based on water activity or moisture content of the product is the most 
widely used. For instance, in the United States fermented sausages are usually divided into 
two categories, namely dry, which have a moisture content of 35% or less, and semi-dry 
typically containing about 50% moisture (Adams and Moss, 2008). Spreadable fermented 
sausages, produced in Germany, such as Teewurst, and Mettwurst are not dried during 
production and in this respect are similar to nem chua from Vietnam or nham from 
Thailand. Some examples of fermented meat products and their classifications are provided 
in Table 1.1. 
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Table 1.1. Examples of fermented meat products 
Group Water activity Examples 
Dry 
Mould-ripened < 0.9 Classical Italian salami such as Tipo Milano, Felino, 
Narzi; French saucisson sec; Hungarian salami 
(additionally smoked); Spanish chorizos 
Smoked  German Katenrauch, Dauerwurst. 
Semi-dry 
Mould-ripened 0.9 − 0.95 Various French and Spanish fermented sausages 
Smoked  The majority of U.S. and Northern European fermented 
sausages (such as the Netherlands, Scandinavia, 
Germany) 
Nondried 
Spreadable 0.94 − 0.96 German Mettwurst, Teewurst, Spanish Sobrasada; Thai 
nham, Vietnamese nem chua 
Source: Adopted from Hammes et al. (2003)  
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1.1.3. Uncooked comminuted fermented meat products 
The key feature of uncooked comminuted fermented meat products (UCFM) or raw 
fermented sausages is the combination of lactic fermentation with salting and drying which, 
in many cases, produces a product which is shelf-stable at ambient temperatures (Adams 
and Moss, 2008, FAO, 2008). Typical uncooked-fermented sausages consist of coarse 
mixtures of lean meats and fatty tissues combined with salts, nitrate/nitrite (curing agents), 
sugars and spices as non-meat ingredients. The products are not subjected to any heat 
treatment during processing and distributed and consumed raw (FAO, 2008). There are a 
variety of UCFM, which varies in the types of meat used (e.g. pork, beef, mutton, goat, 
turkey, ostrich), spices and additives, sizes, degree of chopping, fermentation temperature 
and time, drying and curing. Examples of different types of UCFM with different calibres 
and degrees of chopping are presented in Figure 1.1. 
 
 
 
 
 
 
Figure 1.1. Raw fermented sausages of different calibres and degrees of chopping 
Source: FAO (2008) 
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The product formulation and production methods of UCFM vary among product 
types and producers. However, the general procedure, as described by FAO (2008), 
includes comminuting of fat and meat, mixing with other non-meat ingredients and stuffing 
into casings. The fresh sausages then undergoes fermentation, ripening/drying and in some 
cases smoking. A flow scheme of the process of production of common German fermented 
sausage is depicted in Figure 1.2.  
Sausage fermentations are conducted at temperatures ranging from 15oC up to in 
excess of 40oC, depending on the starter used, and last for 20 − 60 h. In tropical countries 
and the United States, fermentation process usually occurs fast at high temperature up to 
40oC to achieve rapid acid production and accumulation in order to inhibit spoilage 
microorganisms. Milder fermentation temperatures, around 22° to 26°C, are used in 
European countries, although other differences may be found within Europe (Toldra et al., 
2001). The relative humidity is also usually controlled during fermentation to ensure that a 
slow drying of the product commences. Acid production and the decrease of the pH to 
below 5.0 to 4.6 promote the coagulation of meat proteins and this aids moisture expulsion 
and development of the desired texture and flavour. It also contributes to the 
microbiological stability and safety of the product (FAO, 2008).  
North American and Northern European sausages are often smoked. This confers a 
characteristic flavour and the phenolic components of the wood smoke also have important 
anti-oxidative and antimicrobial properties which improve shelf-life. Fungal growth may 
occur on the surface of unsmoked sausages providing a particular character to these 
products as a result of fungal lipolytic, proteolytic and antioxidative activity. In the final 
drying stage which can last up to six weeks, the moisture content is reduced further by 
storage at low temperatures, 7–15oC, and at low relative humidity (65–85%) (Essien, 2003). 
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Figure 1.2. Flow scheme of the process of production of dry fermented sausage of a 
common German type. 
* The ingredients shown in parentheses may be used but are not essential in traditional 
processes 
Source: Hammes et al. (2003) 
Spices 
Starter 
Sugar 
Curing salt 
 
Mixing 
 
Grinding 
C
U
T
TE
R
 
Nitrate 
(Glucono-δ-lactone)* 
(Ascorbate) 
(Glutamate) 
 
Ripening 
 
Fermentation 
R
IP
E
N
IN
G
 C
H
A
M
B
E
R
 
(Mould starter) 
(Smoke) 
Stuffing 
Beef Beef Back fat Pork 
Refrigeration Freezing Freezing Freezing 
_____________________________________________________________Chapter 1- Introduction 
13 
1.2. Microflora of fermented meat products 
The microbial population of fermented sausages is a complex mixture of desirable 
microorganisms which account for the fermentation process and unwanted pathogenic and 
spoilage microorganisms. The sensory and storage characteristics of fermented sausages are 
the outcome of the complex interaction of the native microflora in the fresh meat, which 
continuously changes during production, especially fermentation and storage. The origin of 
the microflora of the raw sausage mix is diverse and its composition varies depending on 
meat manipulation, the microorganisms present in the materials and environment, and the 
additives used for manufacture (Toldra et al., 2001). However, there are a number of factors 
that impose selectivity in favour of the development of the desirable flora (Micrococcaceae 
and lactic acid bacteria) and preventing growth of pathogenic and spoilage microorganisms 
(mainly Gram-negative aerobic bacteria). These selective factors include low pH, reduction 
in water activity, temperature, oxygen depletion, accumulation of metabolic products, and 
presence of additives such as salt and nitrite (Hansen, 2002). This section only aims to 
review the microorganisms that are responsible for meat fermentation, mainly lactic acid 
bacteria and the microorganisms that significantly affect the safety and quality of fermented 
sausages.  
1.2.1. Lactic acid bacteria 
Lactic acid bacteria (LAB) are now defined to constitute a group of Gram-positive 
bacteria united with similar morphological, metabolic, and physiological characteristics 
(Hammes et al., 2003). The general description of the bacteria included in the group are 
Gram-positive, non-sporeforming rods or cocci, mostly aerotolerant anaerobes which lack 
cytochromes and porphyrins and are therefore catalase- and oxidase-negative (Adams and 
Moss, 2008). Cellular energy is derived from the fermentation, which converts 
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carbohydrates to carboxylic acids principally lactic acid. Homofermentative LAB produce 
lactate as virtually a single product from the fermentation of glucose. Heterofermentative 
LAB, on the other hand, produce roughly equimolar amounts of lactate, ethanol/acetate, 
and carbon dioxide from glucose. Figure 1.3 provides the main metabolic pathway of LAB 
in fermented foods. LAB are generally mesophilic but can grow at temperatures as low as 
5oC or as high as 45oC. Similarly, while the majority of strains grow at pH 4.0 − 4.5, some 
are active at pH 9.6 and others at pH 3.2 (Caplice and Fitzgerald, 1999). Strains are 
generally weakly proteolytic and lipolytic and require preformed amino acids, purine and 
pyrimidine bases and B vitamins for growth.  
In meat fermentation, the major role of LAB is related to their carbohydrate 
metabolism that results in the acidification of the meat mixture. According to Adams and 
Moss (2008) and Toldra et al.(2001), this process has the following desirable effects:  
- ensuring hygienic stability by the reduction in pH and the generation of organic acids; 
- imparting characteristic acid taste; 
- causing coagulation of meat proteins (at pH 5.4 to 5.5) reduction in water holding 
capacity and facilitating the drying process with consequences in texture and 
firmness; and  
- contributing to the development of desirable red colour by favouring the reaction of 
nitrogen monoxide with myoglobin (pH 5.4 to 5.5). 
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Figure 1.3. The main metabolic pathways of for the generation of acid and flavour by 
lactic starter cultures in fermented foods. 
Source: Hansen (2002) 
 
Using current taxonomy defined by Stiles and Holzapfel (1997), LAB associated with 
foods include members of the genera Lactobacillus, Lactococcus, Pediococcus, 
Leuconostoc, Carnobacterium, Enterococcus, Oenococcus, Streptococcus, 
Tetragenococcus, Vagococcus, Alloiococcus and Weissella. The boundaries of the group 
have been the subject of some controversy, with many available reviews in literature (Carr 
et al., 2002, Klein et al., 1998, Stiles and Holzapfel, 1997, Schleifer and Ludwig, 1995). 
However, it is now widely accepted that the genera Lactobacillus, Lactococcus, and 
Pediococcus form the core of the group (Lucke, 2000b, Ammor and Mayo, 2007, Leroy et 
al., 2006), as shown in Table 1.2 and Figure 1.4.  
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Table 1.2. Principal genera of lactic acid bacteria in meat fermentation 
Genus Cell morphology Fermentation Lactate isomer DNA (mole % GC)
Lactobacillus Rods Homo/Hetero DL, D, L 32 – 53 
Lactococcus Cocci in chains Homo L 33 – 37 
Pediococcus Cocci Homo DL 34 – 42 
Source: Adopted from Adams and Moss (2008) 
 
1.2.1.1. The genus Lactobacillus 
Lactobacillus is recognized as being phylogenetically very heterogeneous, which is 
evidenced by the broad range of % GC values exhibited within the genus (Adams and 
Moss, 2008). Currently Lactobacilli are subdivided into three groups: obligate 
homofermenters; facultative heterofermenters and obligate heterofermenters (Molin, 2003). 
The obligate homofermenters, which include species such as L. acidophilus, L. delbruckii 
and L. helveticus, ferment hexoses almost exclusively to lactate but are unable to ferment 
pentoses. The facultative heterofermenters ferment hexoses to lactate but have an inducible 
phosphoketolase which allows them to ferment pentoses to lactate and acetate. They 
include some species important in food fermentation such as L. plantarum, L. casei and L. 
sake. Obligate heterofermenters which include L. brevis, L. fermentum and L. kefir use the 
phosphoketolase pathway for hexose fermentation (Adams and Moss, 2008). 
Lactobacillus are commonly present in fermented meat products (Papamanoli et al., 
2003, Hammes et al., 2003). In various traditional Spanish, Italian, and Greek sausages, the 
spontaneous fermentation process is dominated by L. sakei and L. curvatus (Hugas and 
Monfort, 1997, Leroy et al., 2006, Papamanoli et al., 2003, Rantsiou et al., 2005b, 
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Aymerich et al., 2003, Greco et al., 2005). In fermented sausages from countries with warm 
climates, L. plantarum is usually present in large numbers (Aymerich et al., 2003, Sakhare 
and Rao, 2003, Greco et al., 2005, Leroy et al., 2006, Dicks et al., 2004). L. plantarum thus 
is usually utilised as starter culture for summer-style fermented sausages (Dicks et al., 
2004, Todorov et al., 2007a, Hammes et al., 2003).  
L. plantarum is a rod-shaped bacterium (Figure 1.4), mostly occurring singly or in 
pairs, sometimes short chains, with the size of 0.9 − 1.2 (width) × 3 − 8 (length) µm (Li, 
2004). The optimal growth temperature for this bacterium is 30oC. This bacterium cannot 
grow at temperatures over 45oC. Its metabolic diversity and its tolerance for low pH 
conditions make it the final and predominant LAB species at the completion of 
fermentation in many fermented foods (Li, 2004).  
Other Lactobacilli that may be found in fermented sausages include L. reuteri, L. 
pentosus, L. brevis and L. paracasei (Papamanoli et al., 2003, Rantsiou et al., 2005b, 
Aymerich et al., 2003, Greco et al., 2005). 
1.2.1.2. The genus Lactococcus 
Lactococci are spherical or ovoid cells that occur singly, in pairs, or as chains. They 
grow at 10oC but not at 45oC. They are homofermentative and produce l-lactate as the 
predominant end product of sugar fermentation (Li, 2004). Lactococcus lactis has been 
found in nham, a Thai uncooked fermented meat (Noonpakdee et al., 2003) and other 
traditional fermented foods (El-Shafei et al., 2000). Bacteriocin-producing Lactococcus 
lactis have also been used as protective starter culture in fermented sausages (Benkerroum 
et al., 2003, Benkerroum et al., 2005). 
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1.2.1.3. The genus Pediococcus 
The genus Pediococcus also includes species of importance in food fermentations 
such as P. pentosaceus. P. pentosaceus is a spherical bacterium, occurring in pairs, tetrads, 
or clusters (Figure 1.4). The size of the coccus is 0.8–1.0 μm in diameter. This bacterium 
cannot grow at temperatures over 45oC. The optimum growth temperature is in the range of 
28–30oC. The optimum and final pHs are 6.0 – 6.5 and 4.0, respectively. This bacterium is 
homofermentative and produces DL-lactate from glucose. Most strains ferment arabinose, 
ribose, maltose, fructose, galactose, and glucose to produce dl-lactate. Strains that are 
capable of fermenting xylose and lactose are known. Some strains produce bacteriocins 
during fermentation (Li, 2004).  
 
 
 
 
 
 
 
Figure 1.4. The genera Lactobacillus, Pediococcus and Lactococcus  
Source: Internet (google image) 
Lactobacillus   Pediococcus   Lactococcus  
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1.2.2. Bacteria of safety concerns in fermented sausages  
All raw materials used in fermented meat production can harbour unwanted bacteria, 
especially meat. Depending on the activity of the LAB, these bacteria may be reduced, 
eliminated or inhibited. The presence of certain bacteria in final product could indicate the 
contamination or failure of the antimicrobial hurdle(s) in the product. This section reviews 
these indicator bacteria, some of which have also been reported to be associated with food-
borne illness involving fermented meat consumption. 
1.2.2.1. Staphylococcus aureus 
Staphylococci are facultatively anaerobic, Gram-positive cocci belonging to the 
family Micrococcaceae. Coagulase-positive staphylococci such as S. aureus is relatively 
salt tolerant and can produce several heat-stable enterotoxins that, after ingestion of the 
food, may cause food poisoning with symptoms of nausea and vomiting. Staphylococcal 
enterotoxin can be produced at pH values as low as 4.5 (Jay, 2000) though no measurable 
enterotoxin has been detected in foods with pH below 5.0 (Scheusner and Harmon, 1973). 
S. aureus is present on the skin and mucous membranes of warm-blooded animals 
(including humans). Approximately 50% of the human population are carriers of this 
pathogen. Contamination of cooked or ready-to-eat food products is usually via a colonized 
person (Ash, 1997).  
Fermented sausages have been associated with outbreaks of illness due to S. aureus 
(Nema et al., 2007, Moore, 2004). With its ability to tolerate reduced water activity and pH 
and grow anaerobically, S. aureus would seem well suited to growth in semi-dry and dry 
fermented sausages. However, studies suggest that S. aureus does not compete well with 
the LAB present, particularly if the latter have a large numerical superiority as a result of 
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starter addition. The growth of S. aureus in fermented foods is generally an indicator for the 
human contamination in the product (FAO, 2008).  
1.2.2.2. Gram-negative bacteria: the family Enterobacteriaceae 
All members of the Enterobacteriaceae family are facultatively anaerobic, oxidase-
negative, Gram-negative rods that are capable of fermenting glucose. A great part of the 
family is components of the faecal flora of animals, including some known pathogens, such 
as Shiga-toxin producing E. coli (especially E. coli O157:H7), Salmonella, Shigella, and 
Yersinia. Their presence in foods indicates poor hygiene (such as cleaning and sanitation) 
and insufficient process control during production. They also indicate the likelihood of the 
presence of other pathogens due to faecal and/or cross contamination (Adams, 2001, 
Moore, 2004, Craven et al., 1997). As a result, the whole family or parts of it (coliforms 
and E. coli) are usually used as hygiene indicators for processed foods (Beumer, 2001). 
Among Enterobacteriaceae, E. coli is of great importance in fermented sausages due 
to their common prevalence in the products (Ross and Shadbolt, 2001). It predominantly 
inhibits the gastrointestinal tracts of warm-blooded animals including humans (Adams and 
Moss, 2008), and most strains are considered to be harmless. Some strains however, can 
cause food-borne illness, ranging from mild diarrhoea to severe, life threatening illness 
such as haemolytic uraemic syndrome (HUS) and thrombotic thrombocytopeanic purpura 
(TTP). HUS and TTP are caused by the ‘enterohaemorrhagic’ strains, (abbreviated as 
EHECs), including the well known E. coli serotypes O157:H7. On the basis of virulence 
factors and disease patterns, Beumer (2001) classified pathogenic E. coli strains as: 
- Enteropathogenic E. coli (EPEC): causing acute watery diarrhea; young children 
particularly susceptible; 
- Enterotoxigenic E. coli (ETEC): causing acute watery diarrhea (often in travelers); 
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- Enteroinvasive E. coli (EIEC): causing dysentery-like syndrome; and 
- Enterohemorrhagic E. coli (EHEC): causing bloody diarrhea syndrome. 
Within the EHEC-group, E. coli O157:H7 is the organism of great concern in 
fermented foods as this pathogen is relatively acid resistant and less affected by 
fermentation (Beumer, 2001). Meat-borne outbreaks involving E. coli O157:H7 have been 
reported in Genoa salami in Canada (Williams et al., 2000), salami in Columbia 
(MacDonald et al., 2004), dry cured salami in Washington (Alexander et al., 1995) and 
Northern California (USA) (Tilden et al., 1996). It was found that while the combination of 
water activity, pH, lactic acid concentration and other parameters of most uncooked 
fermented sausages is known to be lethal to E. coli, death is not instantaneous (Calicioglu et 
al., 2002). Rather, the population of E. coli initially present declines in number over time. 
Clearly, the rate of inactivation will be essential knowledge in determining the 
microbiological safety of these processes. 
1.3. Meat fermentation and product safety: The roles of lactic acid bacteria 
Safety of uncooked fermented meat products relies significantly on fermentation. 
Improvements in safety arising from microbial activity during fermentation are largely due 
to LAB, which predominate in the majority of fermented foods. Their growth and 
metabolism inhibit the normal spoilage flora of the food material and any bacterial 
pathogens that it may contain. The principal factors which contribute to this inhibition are a 
range of antimicrobial compounds produced by LAB during fermentation, including 
organic acids, hydrogen peroxide, carbon dioxide, ethanol, diacetyl and bacteriocins 
(Hammes et al., 2003, Adams and Moss, 2008, Caplice and Fitzgerald, 1999, Ouwehand 
and Vesterlund, 2004, De Vuyst and Leroy, 2007, Adams, 2001, Holzapfel, 1998, Hoover 
and Chen, 2005). 
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1.3.1. Organic acids 
The production of organic acids and the consequent decrease in pH is the most 
important factor to safety of fermented foods (Adams and Moss, 2008, Caplice and 
Fitzgerald, 1999). The organic acids produced by LAB are mainly lactic acid in quantities 
up to around 100 millimolar and a pH in the range 3.5 to 4.5 (Adams and Moss, 2008). 
Acetic and propionic acids are also produced during heterofermentation (Davidson and 
Zivanovic, 2003, Holzapfel, 1998), with the amount of acetic acid being typically 1/10 of 
the amount of lactic acid (Tyopponen et al., 2003b). The antagonistic effect of these acids 
on microorganisms is well-established to result from the action of the acids on the bacterial 
cytoplasmic membrane which interferes with the maintenance of membrane potential and 
inhibits active transport, and may be mediated far more potently by undissociated acids 
than dissociated acids (Caplice and Fitzgerald, 1999). It is stated that the antipathogenic 
ability of LAB also depends on the types and levels of organic acids produced during the 
fermentation process (Ammor and Mayo, 2007). L(+) lactic acid is more inhibitory than its 
D(-) counterpart, and readily hydrolyzed by human lactate dehydrogenase and thus may not 
cause health problems (Ouwehand and Vesterlund, 2004). In addition, it is the 
undissociated acids that, due to its lipophilic nature, are able to diffuse across the cell 
membrane, collapsing the electrochemical proton gradient (Adams, 2001, Leroy et al., 
2006, Tyopponen et al., 2003a). Low pH favours the uncharged undissociated state of the 
molecule (Leistner, 2000), thus the lower the pH the stronger the inhibitory effect. 
1.3.2. Hydrogen peroxide  
Hydrogen peroxide is well known for its antimicrobial properties. Since LAB possess 
a number of flavoprotein oxidases but lack the degradative enzyme catalase, they produce 
hydrogen peroxide in the presence of oxygen (Adams and Moss, 2008). Inhibition is 
_____________________________________________________________Chapter 1- Introduction 
23 
mediated through the strong oxidising effect on membrane lipids and cell proteins. This 
will confer some competitive advantage as LAB have been shown to be less sensitive to its 
effects than some other bacteria (Ouwehand and Vesterlund, 2004). Accumulation of 
hydrogen peroxide has been demonstrated in some fermented foods but its effects are, in 
general, likely to be slight. Lactic fermentations are essentially anaerobic processes so 
hydrogen peroxide formation will be limited by the amount of oxygen dissolved in the 
substrate at the start of fermentation. It may be, however, that at this critical initial stage of 
a fermentation hydrogen peroxide production provides an important additional selective 
advantage (Caplice and Fitzgerald, 1999). 
1.3.3. Ethanol 
Heterofermentative LAB also produce ethanol, another well-established antimicrobial 
compound (Ouwehand and Vesterlund, 2004, De Vuyst and Leroy, 2007, Adams, 2001, 
Holzapfel, 1998). It may make some contribution to the inhibition of competitors, although 
its concentration in lactic fermented products is generally low. However, it could give LAB 
a selective advantage in some situations.  
1.3.4. Carbon dioxide 
Carbon dioxide, formed from heterofermentation, can directly create an anaerobic 
environment and is toxic to some aerobic food microorganisms through its action on cell 
membranes and its ability to reduce internal and external pH (Caplice and Fitzgerald, 1999, 
Holzapfel, 1998).  
1.3.5. Diacetyl 
Diacetyl is a product of citrate metabolism and is responsible for the aroma and 
flavour of butter and some other fermented milk products (Hansen, 2002). Many LAB 
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including strains of Leuconostoc, Lactococcus, Pediococcus and Lactobacillus may 
produce diacetyl although production is repressed by the fermentation of hexoses (Jay, 
2000). Gram-negative bacteria, yeasts and moulds are more sensitive to diacetyl than 
Gram- positive bacteria and its mode of action is believed to be due to interference with the 
utilisation of arginine (Caplice and Fitzgerald, 1999). However, diacetyl is rarely present in 
food fermentations at sufficient levels to make a major contribution to antibacterial activity.  
 1.3.6. Bacteriocins 
1.3.6.1. Definition  
Bacteriocins are defined as ribosomally synthesized bactericidal peptides or proteins 
produced by bacteria (Gálvez et al., 2007, Hoover and Chen, 2005, Jack et al., 1995). They 
normally consist of 20–60 amino acid residues, have positive net charge, are hydrophobic 
and/or amphiphilic, and usually are membrane active (Nes and Holo, 2000). Bacteriocins 
are different from traditional antibiotics in most respects, as summarised in Table 1.3. 
When a new bacteriocin is discovered, it is common to demonstrate its proteinaceous nature 
by its sensitivity to proteolytic enzymes such as trypsin, α-chymotrypsin and pepsin 
(Hoover and Chen, 2005). Application of bacteriocins as food preservation usually requires 
estimation of their heat resistance and/or pH tolerance given the widespread use of thermal 
processing in food production and food acidity.  
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Table 1.3. Bacteriocins versus antibiotics 
Characteristics Bacteriocins Antibiotics 
Application Food Clinical 
Synthesis Ribosomal Secondary metabolite 
Activity Narrower spectrum Varying spectrum 
Host cell immunity Yes No 
Mechanism of target 
cell resistance or 
tolerance 
Usually adaptation affecting 
cell membrane composition 
Usually a genetically transferable 
determinant affecting different site 
depending on the mode of action 
Interaction 
requirements 
Sometimes docking 
molecules 
Specific target 
Mode of action Mostly pore formation, but 
in a few case possibly cell 
wall biosynthesis 
Cell membrane or intracellular target 
Toxicity/side effects None known Yes 
Source: Cleveland et al. (2001) 
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The bacteriocins were first characterized in Gram-negative bacteria, among which, 
LAB have been comprehensively exploited as a reservoir for antimicrobial peptides with 
food applications. The structure, biosynthesis, genetics and food application of bacteriocins 
produced by LAB have been reviewed recently (Cleveland et al., 2001, Ennahar et al., 
2000, De Vuyst and Leroy, 2007, Nieto-Lozano et al., 2002, Chen and Hoover, 2003, 
Gálvez et al., 2007, Garneau et al., 2002, O'Sullivan et al., 2002, Oscariz and Pissabaro, 
2001, Hoover and Chen, 2005). Generally, the LAB bacteriocins offer several desirable 
properties that make them suitable for food preservation, as summarised by Gálvez et al. 
(2007): 
- they are generally recognised as safe (GRAS) substances; 
- they are not active and non-toxic on eukaryotic cells; 
- they become inactivated by digestive proteases, thus have little influence on the gut 
microbiota; 
- they are usually pH and heat-tolerant; 
- they have a relatively broad antimicrobial spectrum, against many food-borne 
pathogenic and spoilage bacteria; 
- they show a bactericidal mode of action, usually acting on the bacterial cytoplasmic 
membrane: no cross resistance with antibiotics; and  
- their genetic determinants are usually plasmid-encoded, facilitating genetic 
manipulation.  
The accumulation of studies carried out in recent years clearly indicates that the 
application of bacteriocins in food preservation can offer several benefits. Thomas et al. 
(2000) listed a few, namely: 
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- extending shelf life of foods,  
- providing extra protection during temperature abuse conditions,  
- reducing risk for transmission of foodborne pathogens through the food chain,  
- improving the economic losses due to food spoilage,  
- reducing the application of chemical preservatives,  
- permitting the application of less severe heat treatments without compromising food 
safety, which results better preservation of food nutrients and vitamins, as well as 
organoleptic properties of foods,  
- permitting the marketing of “novel” foods (less acidic, with a lower salt content, and 
with a higher water content), and  
- serving to satisfy industrial and consumers demands. 
1.3.6.2. Classification of LAB bacteriocins 
LAB produce a variety of bacteriocins, most of which can be grouped in one of the 
classes proposed by Klaenhammer (1993). This classification is summarised in Table 1.4. 
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Table 1.4. Classification of bacteriocins 
Group Features Bacteriocins (group representative)
I Ia Lantibiotics, small (< 5 kDa) peptides 
containing lanthionine and β-methyl lanthionine
Nisin 
Ib Globular peptides with no net charge or net 
negative charge 
Mersacidin 
II IIa Small (< 10 kDa) heat-stable peptides, 
synthesized in a form of precursor which is 
processed after two glycine residues, active 
against Listeria, have a consensus sequence of 
YGNGV-C in the N-terminal 
Pediocin PA-1, sakacins A and P, 
leucocin A, carnobacteriocins. 
IIb Two component systems: two different 
peptides required to form an active poration 
complex 
Lactococcins G and F, lactacin F, 
plantaricin EF and JK 
IIc Remaining peptides of the class including sec-
dependent secreted bacteriocins 
Acidocin B, carnobacteriocin A, 
divergicin A, enterocins P and B 
III Large molecules sensitive to heat Helveticins J and V-1829, 
acidophilucin A, lactacins A and B
Source: adopted from Klaenhammer (1993) 
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1.3.6.2. Antimicrobial spectra of LAB bacteriocins 
It is generally accepted that the antagonistic spectra of bacteriocins produced by LAB 
are usually the species closely related to the producing organisms (Gálvez et al., 2007, 
Hoover and Chen, 2005, Jack et al., 1995, Klaenhammer, 1993). Indeed, many bacteriocins 
produced by LAB were found to be inhibitory to other closely related LAB only (Moll et 
al., 1999, Kelly et al., 1996, Powell et al., 2007). However, numerous studies (Jimenez-
Diaz et al., 1993, Holo et al., 2001, van Reenen et al., 1998, Muller et al., 2009, Hernández 
et al., 2005) have found bacteriocins that also inhibit other Gram-positive bacteria such as 
Bacillus spp., Clostridium spp., Enterococcus spp., Staphylococcus spp. including S. 
aureus, and L. monocytogenes. 
It is relatively unusual for bacteriocins by LAB to inhibit Gram-negative bacteria 
though have been previously reported. The antimicrobial spectra include Pseudomonas spp. 
(Muller et al., 2009, Lash et al., 2005), Shigella spp. (Tiwari and Srivastava, 2008, 
Rattanachaikunsopon and Phumkhachorn, 2006, Lash et al., 2005), Aeromonas hydrophila 
(Messi et al., 2001), Salmonella spp. (Omar et al., 2008, Omar et al., 2006) including S. 
Typhimurium (Lash et al., 2005, Gong et al., 2009, Tiwari and Srivastava, 2008) and E. coli 
(Todorov and Dicks, 2005, Gong et al., 2009, Suma et al., 1998, Tiwari and Srivastava, 
2008, Todorov et al., 2007b, Omar et al., 2006, Rattanachaikunsopon and Phumkhachorn, 
2006, Todorov et al., 2009, Elegado et al., 2004).  
To date, the mechanism for the sensitivity of Gram-negative bacteria towards 
bacteriocins by LAB has not been clearly defined. It is generally understood that the 
structure and composition of the protective outer membrane which covers the cytoplasmic 
membrane and peptidoglycan layer of the cells does not allow access of bacteriocins 
(Vaara, 1992, Chung and Yousef, 2005, Gao et al., 1999, Castellano et al., 2008). The most 
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common explanation that many authors proposed to explain the sensitivity of Gram-
negative bacteria towards bacteriocins by LAB is the compromised integrity of the outer 
membrane (Cotter et al., 2005, Castellano et al., 2008, Gao et al., 1999, Jack et al., 1995, 
Alakomi et al., 2000). In more detail, Castellano et al. (2008) stated that the presence of 
membrane permeabilizers increases bacterial susceptibility to hydrophobic substances such 
as bacteriocins by enabling them to penetrate the cell wall. These membrane permeabilizers 
including chelators (such as EDTA), surfactants (such as Tween 20, Tween 80), ions (such 
as Ca2+, Mg2+, Na+), lactic acid and its salts. Reviews on these agents could be found in 
Nikaido (1989) and Vaara (1992). However, the exact mechanisms of antagonism of 
bacteriocin by LAB towards Gram-negatives remain to be determined. 
1.3.6.3. Nisin 
Nisin is the only bacteriocin todate to find practical application in the food industry 
(Adams and Moss, 2008). Produced by certain strains of Lactococcus lactis subsp. lactis, it 
was first discovered in England in 1928 when a nisin-producing strain caused problems in 
cheesemaking by inhibiting the other starter organisms present (Thomas and Delves-
Broughton, 2005). Nisin is now available commercially and has been used as a food 
preservative in the UK and some other countries since the early 1950s, though it was not 
approved for use in the United States until 1988 (Hoover and Chen, 2005).  
Nisin is an amphiphilic polypeptide containing 34 amino acids and is remarkably heat 
stable at acid pH (Thomas and Delves-Broughton, 2005). It belongs to a group of 
antibiotics known as lantibiotics i.e. group Ia (Klaenhammer, 1993). Like other bacteriocins 
nisin is normally active against Gram-positive and not against Gram-negative bacteria, 
yeasts or moulds. However, nisin has a much broader antimicrobial spectrum compared to 
others (Adams, 2001). In vegetative cells it acts by creating pores in the plasma membrane 
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through which there is leakage of cytoplasmic components and a breakdown of the 
transmembrane potential (Thomas et al., 2000). In Gram-negatives, the outer membrane 
acts as a barrier preventing nisin access to its site of action, thus making them resistant. The 
interesting characteristic of nisin that makes it the first and only commercially used food 
preservative to date is its antagonism towards bacterial spores. The most important 
commercial applications of nisin thus have been to inhibit spore outgrowth in heat 
processed products, principally processed cheese and canned foods, and in products such as 
clotted cream, dairy desserts, crumpets, pasteurized soups and pasteurized eggs (Thomas 
and Delves-Broughton, 2005). Nisin’s value lies not just in the fact that it can improve shelf 
life by inhibiting spore outgrowth but its use can also permit milder heat processing 
regimes, allowing retention of heat sensitive properties in some products. 
The application of nisin in meat systems has been studied. Nitrates are commonly 
used to prevent clostridial growth in meat; however, safety concerns regarding the presence 
of nitrites have prompted the food industry to look for alternative methods of preservation. 
Nisin or its combination with lower levels of nitrate can prevent the growth of Clostridium 
(Rayman et al., 1983, Rayman et al., 1981). However, some researchers concluded that 
nisin is not effective in meat applications due to high pH (Rayman et al., 1983), the 
inability to uniformly distribute nisin, and interference by meat components such as 
phospholipids (de Vuyst and Vandamme, 1994). Nisin was also found to react with 
glutathione to form a nisin-glutathione adduct, resulting in the inactivation of the 
bacteriocin (Stergiou et al., 2006). Therefore, though nisin is currently the only bacteriocin 
approved for use as food preservative, many bacteriocins produced by LAB have potential 
application in food products especially meat systems. 
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1.4. Protective starter cultures for fermented meat products 
1.4.1. Biopreservation and protective starter culture 
The earliest production of fermented foods was based on spontaneous fermentation 
due to the development of the microflora naturally present in the raw material. Spontaneous 
fermentation was optimised through back-slopping, i.e. employing a small amount of 
previous successful batch as the starter for the fermentation of a new batch. The practice of 
back-slopping results in the dominance of the best adapted strains. Through back-slopping, 
the initial phase of the fermentation process is shortened and the risk of fermentation failure 
is reduced (Holzapfel, 2002). In both natural fermentation and back-slopping, the outcome 
of fermentation typically depends on the competitive activities of a variety of 
contaminating microorganisms. To date, natural fermentation and back-slopping are still 
the most popular methods in less developed countries, whereas in Western countries, they 
are mainly applied in products for which the microbial ecology and the precise role of 
successions in microbial population are not well known (Leroy and De Vuyst, 2004). 
However, these practices could involve safety risks due to the contamination in raw 
materials, physiologically inactive back-slop, and the transmissions of unwanted 
microorganisms among batches or lead to fermentations which are unreliable and difficult 
to control (Australia New Zealand Food Authority, 1996). Kimaryo et al. (2000) also 
demonstrated that natural fermentation and the use of back-slop resulted in slower 
fermentation and products with poorer quality and shorter shelf-life compared to the use of 
starter culture. Therefore, natural fermentation and the repeated use of back-slop is no 
longer allowed in some countries including Australia (Australia New Zealand Food 
Authority, 1996) or not recommended for use in many others such as Canada (Canadian 
Food Inspection Agency, 1997).  
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The direct addition of starter cultures to raw materials has been a breakthrough in the 
processing of fermented foods. Meat starter cultures are defined as preparations that contain 
active or dormant microorganisms that develop the desired metabolic activity in the meat 
(Leroy et al., 2006, Ammor and Mayo, 2007). The use of starter culture provides 
technological advantages such as rapid and uniform acidification, good texture and slice-
ability, production of desirable flavor compounds, enhanced safety, good colour formation 
and stability, and better control over the fermentation process (Greco et al., 2005, Leroy 
and De Vuyst, 2004). The terms “bioprotection” and “biopreservation” was introduced to 
describe the preservation of foods using their natural and controlled microbiota and/or their 
antimicrobial metabolites in order to differentiate it from artificial (chemical) preservation 
(Stiles and Holzapfel, 1997). The main purpose of biopreservation is the extension of 
storage life as well as the enhancement of food safety. Antagonistic cultures added to foods 
to inhibit pathogens and/or extend shelf life while changing the sensory properties as little 
as possible are called protective cultures (Lucke, 2000a). A distinction can be made 
between starter cultures and protective cultures in which metabolic activity (acid 
production, protein hydrolysis) and antimicrobial action constitute the main objective, 
respectively (Castellano et al., 2008). As today food processors face a major challenge with 
consumers demanding safe foods with a long shelf life, but also expressing their preference 
for minimally processed products, less severely damaged by heat and freezing and not 
containing chemical preservatives, protective starter culture appear as an attractive option 
to provide at least part of the solution (Castellano et al., 2008, Greco et al., 2005). 
1.4.2. Selection criteria for protective starter culture 
The selection criteria for a bacterium to be used as a starter culture for meat 
fermentation as stated by Ammor and Mayo (2007) are: 
_____________________________________________________________Chapter 1- Introduction 
34 
- rapid and adequate production of lactic acid in the fermentation conditions, 
- ability to compete with the natural microflora of the raw materials and undertake the 
metabolic activities expected to survive and grow in the conditions prevailing in the 
product, i.e. an anaerobic atmosphere, rather high salt concentrations, presence of 
nitrites and/or nitrates, 
- no undesirable products of metabolism,  
- catalase activity (catalase hydrolyses hydrogen peroxide that interferes with the 
organoleptic properties by increasing rancidity and discolouration of the product), and 
- nitrite and nitrate reduction, to create the typical pink colour of the product. 
And for use as a protective starter culture, the bacterium is also required to produce 
good acid and/or production of bacteriocin and other antimicrobial substance (Ammor and 
Mayo, 2007). Last but most importantly, the starter culture has to produce the product with 
acceptable sensory characteristics like the traditional spontaneous (natural) fermented 
product. It also has to adapt well to the ecological niche of meat fermentation. Therefore, 
any bacterium considered for selection as a commercial starter culture for meat 
fermentation should primarily originate from the product itself (Greco et al., 2005, Hansen, 
2004). 
LAB have a major potential for use as commercial protective starter culture because 
they are GRAS due to their typical association with food fermentations and their long 
tradition as food-grade bacteria, thus safe for consumption. They naturally dominate the 
microbiota of many foods, and their antimicrobial peptides can be easily broken down by 
digestive proteases, so they will not produce gut microbiota disturbance (Castellano et al., 
2008).   LAB can exert a protective or inhibitory effect against other microorganisms as a 
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result of the competition for nutrients and/or of the production of bacteriocins or other 
antagonistic compounds such as organic acids, hydrogen peroxide and bacteriocins, as 
mentioned in Section 1.3.  
1.4.3. Evaluation of starter culture in fermented meat products: Microbial 
challenge testing 
Microbiological challenge testing has been and continues to be a useful tool for 
validation of processes that are intended to deliver some degree of lethality against a target 
organism or group of target organisms (Vestergaard, 2001). Therefore, it is quite often used 
to evaluate the performance of starter culture in fermented foods in compliance with the 
predetermined performance standard (Dalgaard and Vigel Jorgensen, 1998, Uyttendaele et 
al., 2004, Reed, 1995).  
The design, implementation and assessment of microbiological challenge study are a 
complex task. Failure to account for specific product and environmental factors in the 
design of the test could result in flawed conclusions. A number of factors must be 
considered when conducting a microbiological challenge study,  as stated by Vestergaard 
(2001), include (1) the selection of appropriate pathogens or surrogates, (2) the level of 
challenge inoculum, (3) the inoculum preparation and method of inoculation, (4) the 
duration of the study, (5) formulation factors and storage conditions, and (6) sample 
analyses. The interpretation of the data and pass/fail criteria are critical in evaluating 
whether a food needs time/temperature control for safety. 
1.4.3.1. Selection of challenge organism for microbial challenge testing 
E. coli has been selected for use as the challenge microorganism when evaluating 
starter culture for fermented meat products in many studies (Calicioglu et al., 2002, 
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Calicioglu et al., 1997, Faith et al., 1997, Porto-Fett et al., 2008, Lahti et al., 2001, Clavero 
and Beuchat, 1996, Muthukumarasamy and Holley, 2007, Reed, 1995). This organism is 
known to be a common contaminant of raw meat and could easily appear in uncooked 
fermented sausages as a result of inadequate control of pH and aw (Ferreira et al., 2006, 
Castano et al., 2002). Literature has reported the contamination of E. coli in other 
fermented meat products such as Spanish Chorizo de cebolla (Castano et al., 2002), 
Australian uncooked and undercooked salami (Sumner et al., 2005), Portugal Alheira 
(Ferreira et al., 2006), Thai nham (Petchsing and Woodburn, 1990). Enterohaemorrhagic 
shiga-toxin producing E. coli, in particular E. coli O157:H7, have also been implicated in 
outbreaks involving fermented meat products (Williams et al., 2000, MacDonald et al., 
2004, Alexander et al., 1995, Tilden et al., 1996). Other pathogenic E. coli has been 
reported as the causative agent of food poisoning outbreaks, such as E. coli O103:H25 in 
mutton sausage in Norway (Schimmer et al., 2008) or E. coli O111:H- in dry fermented 
sausage in Australia (Paton et al., 1996).  
The control of E. coli therefore has become a part of food safety management system, 
or validation and verification requirements for commercial starter culture (Food Standards 
Australia New Zealand, 2005, Reed, 1995). It is required by ANZFA Food Standards Code 
that the starter culture is capable of achieving at least 3-log reduction of E. coli or E. coli 
load in the final product of less than 10 CFU/g (Food Standards Australia New Zealand, 
2003, Food Standards Australia New Zealand, 2002b). USA Department of Agriculture 
(USDA) and Food Safety and Inspection Service (FSIS) required the processors of dry and 
semidry sausage to validate at least a 5-log reduction in numbers of E. coli O157:H7 cells 
in dry sausages (Reed, 1995). However, it is important to keep in mind that the 
antimicrobial hurdles for dry sausages include drying and/or smoking in addition to 
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fermentation. Therefore, a 3-log reduction of E. coli achieved by protective starter culture 
appears to be an appropriate endeavour during microbial challenge testing. Indeed, several 
studies concerning the survival of E. coli in non-heated dry sausage manufacturing process 
with LAB starter have shown that the number of E. coli can be reduced by 1–3 log units 
(Muthukumarasamy and Holley, 2007, Montet et al., 2009, Clavero and Beuchat, 1996, 
Chacon et al., 2006, Faith et al., 1997, Calicioglu et al., 2002). 
1.4.3.2. Selection of inoculum level and method of inoculation  
Suitable inoculum levels of starter culture and challenge microorganisms are 
important to represent the natural situation as well as enable direct enumeration. The level 
of LAB starter to be added to meats also depends on the growth potential of the organisms 
in the product. For instance, in most European-style sausage fermentations, about 106 
CFU/g of LAB is considered sufficient whereas very high levels such as 108 CFU/g has to 
be added to give desired effects in some other cases (Lucke, 2000b). A challenge test in 
which the inoculum contains too many organisms may overstress the preservative system of 
a product which would not normally be at risk and lead to an overestimation of the risk, 
whereas too few organisms may give false negative results (Uyttendaele et al., 2004). The 
inoculum level selected should also allow the predictable decrease in log cycles to be 
measured by direct plating. The inoculation preparation and inoculation procedures should 
also be optimized before the actual study to assure the critical parameters of the product 
formulation undergoing challenge to remain unchanged (Notermans et al., 1993). 
1.4.3.3. Duration of the challenge study and product storage condition 
It is prudent to conduct the microbiological challenge study over, at least, the desired 
shelf life of the product (Vestergaard, 2001). Therefore, a minimum of duration of one plus 
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at least one-third of the intended shelf life should be used in challenge testing (Anonymous, 
2003, Notermans et al., 1993, Vestergaard, 2001).  
Another consideration impacting the duration of the challenge study is the 
temperature of product storage. It is a common practice to challenge the product under the 
target storage temperature; however, the abuse temperatures that can occur is during storage 
are also sometimes used (Anonymous, 2003, Notermans et al., 1993, Vestergaard, 2001). 
1.5. Nem chua 
Vietnam is a rapidly developing country in South-East Asia with a population of 
more than 84 million people. In the Vietnamese diet, meats are still the favorite protein 
source, with the consumption of approximately 30 kg per capita per annum in 2002 (Food 
and Agriculture Organization of the United Nations, 2005). Vietnamese are big consumers 
of pork, which accounts for 80% of the country’s meat consumption, compared to 11-12% 
for chicken and 3-4% for beef (Anonymous, 2008). The majority of the meat is fresh from 
recently slaughtered animals in small-to-medium scale abattoirs and is mainly used for 
domestic cooking activities. Only less than 10% of the meat produced is used for the 
production of meat products, mainly the Western-style meat products such as ham, bacon, 
sausages and salami, and the traditional ones such as pork rolls, uncooked fermented 
sausages, cooked sausages and other meat products (such as shredded dried meats, beef 
jerky).  
Nem chua is a traditional Vietnamese uncooked fermented meat product. For 
centuries it has been one of the most important Vietnamese traditional foods and is 
consumed during the country’s special days such as Tet (Lunar New Year), weddings and 
death anniversaries. Nem chua is also a part of daily meals as an entrée (eaten either by 
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itself with chilli sauce or wrapped in rice paper with vegetables and served with fish sauce), 
as shown in Figure 1.5. Deep-fried or grilled nem chua is also a very popular food eaten 
between meals. 
There are a number of nem chua varieties throughout the countries, each usually 
called after the regions where it is made, for instance nem chua Thanh Hoa, Lai Vung, Hue, 
Khanh Hoa, Thu Duc. These nem chua are different in their sensory characteristics, size 
and shapes, possibly due to variations in product formulation, production methods and 
practices and the secret know-hows passing among the generations of the producers. For 
example, nem chua from the Middle and Southern Vietnam usually has the sweeter and 
spicier taste compared to that from the Northern regions; and nem chua from the South 
usually has smaller sizes than nem chua from the Middle and the North, as shown in Figure 
1.5. Though each region and producer has its own know-hows (secrets) in making nem 
chua, the good-quality product always has a distinctive taste (sweet, sour, spicy and tasty), 
unique aroma, soft and chewy texture but not sticking to the wrapper and with good water 
holding capacity. Nem chua is also well-known for its digestive benefits due to the presence 
of LAB.  
_____________________________________________________________Chapter 1- Introduction 
40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.5. Nem chua, a Vietnamese traditional fermented meat product 
Nem chua from the (a) North; (b) Central and (c) South of Vietnam 
(d) Nem chua eaten by itself with chilli sauce 
(e) Nem chua wrapped with vegetables in rice paper, served with fish sauce 
(f) Grilled nem chua served with chilli sauce 
(g) Nem chua (hung and displayed on the table) sold in a market in Southern Vietnam. 
(a)   (b)  (c) 
(d)  (e)
(f)      (g) 
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1.5.1. Nem chua formulation 
The main ingredients for nem chua are lean pork, shredded boiled pork skin (pork 
rind), ground roasted rice, spices (salt, sugar, garlic, pepper and chilli), additives 
(polyphosphate salts, nitrites or nitrates and ascorbic acid or vitamin C), herbal leaves and 
packed in banana leaves. The amounts of each ingredient vary among producers and 
regions; however general formulation for nem chua according to many producers is shown 
in Table 1.5. 
Table 1.5. General nem chua formulation 
 
 
 
 
 
 
1.5.1.1. Pork 
In nem chua production, similar to other fermented sausages, meat is the main 
ingredient and the main source of protein. An experienced nem chua producer always 
selects the very lean pork (ham cuts) from the freshly slaughtered pigs for making nem 
chua. The pigs must not be too young or too old, usually with weights around 70-100 kg. 
The pork must be used to make nem chua right after slaughtering. Some clues usually used 
by the producers to assess the pork are: 
Ingredients Amount (%) 
Lean pork 55 - 60 
Shredded boiled pork rind 30 - 35 
Ground roasted rice (GRR) 1.0 - 1.5 
Sugar 2.0 - 2.5 
Salt 1.5 - 2.0 
Other spices 0.3 - 0.4 
Additives 0.3 - 0.4 
_____________________________________________________________Chapter 1- Introduction 
42 
- temperature of the meat (i.e. still warm),  
- the meat sticking to the finger, 
- water not oozing out, 
- the colour of the meat (still pinkish-red). 
This multigenerational practice could be explained by the effects of water-holding 
capacity of the meat to the quality and safety of fermented meat products. Comminuted 
meat, where the structure of the tissue has been destroyed, is no longer able to prevent the 
egress of fluid released from the proteins (Lawrie, 1998). If water-holding capacity of the 
meat batter is too low, water will ooze out during processing and fermentation. This results 
in the product with too high moisture content and thus increased risks of microbial growth 
and quality defects. Therefore, it is really important to use the meat with high water-holding 
capacity for fermented sausage production (Demeyer and Stahnke, 2002). The meat should 
have a normal pH (5.5-5.8) and a low level of undesired microorganisms eg, 
Enterobacteriaceae, Salmonellae. The use of PSE (pale, soft, exudative) pork must be 
avoided for optimal colour and consistency of the fermented sausages. The reason is 
because post-mortem glycolysis in the tissue will normally proceed to an ultimate pH of 
around 5.5, resulting in some loss of water-holding capacity of the meat (Lawrie, 1998, 
Becker, 2002). 
1.5.1.2. Shredded boiled pork rind and ground roasted rice 
The cooked skin is an important ingredient to final product flavour and texture. It 
contains partly denatured collagen and elastin, which enhances the water-holding capacity 
of the meat batter (Lawrie, 1998). The pork skin used for making nem chua is usually cut 
from the shoulders or the rump of the pigs, favourably the clear, thick, elastic park of the 
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skin. The skin is first cleaned, then boiled and shredded into thin (~1 mm diameter) and 
long (~3-5 mm) pieces. 
The main function of GRR besides being an important flavour component is 
providing carbohydrate for the growth of starter bacteria. It also prevents the shredded 
cooked pork skin from sticking together during mixing with comminuted meat and other 
ingredients. GRR is made by roasting rice, the grinding and sieving. GRR used in making 
nem chua has to be as fine as possible, yellowish in colour with a typical aroma of roasted 
rice due to Maillard reaction. Both shredded boiled pork rind and GRR used to be made by 
nem chua producers for their own production, but now are generally prepared and sold 
commercially. 
1.5.1.3. Spices 
The spices used in making nem chua vary among producers and regions. Normally 
the spices used are salt, sugar, and others such as garlic, pepper and chilli. These spices are 
important flavour components of the end product, providing nem chua its distinctive taste 
and aroma. Additionally, they also have protective effects on the final product (Shan et al., 
2007).  
1.5.1.4. Additives 
The additives usually used in making nem chua are polyphosphate salts, nitrites or 
nitrates and sometimes ascorbates. 
Phosphate salts, usually disodium polyphosphate or phosphate mix (from Thailand) 
has replaced borax, which is no longer permitted for use in foods. Their main role in nem 
chua is to give the product its elastic and chewy texture by enhancing water-holding 
capacity of the meat batter (Lawrie, 1998).  
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The effects of nitrites in cured products have been studied for many years and can be 
summarised as formation of the characteristic red colour, growth inhibition of spoilage and 
pathogenic bacteria such as Clostridium botulinum, contribution to the development of 
typical cured meat flavour, and delaying oxidative rancidity (Roberts and Dainty, 1996, 
Flores and Toldrá, 1993). Nitrate is included in ‘curing salts’ as a source of nitrite by the 
action of the nitrate reductase enzymes present in the staphylococci (Talon et al., 1999). In 
foods, nitrite as in the form of undissociated nitrous acid (HNO2) is able to pass the ion 
barrier of bacterial cell wall and disturb the function of bacterial enzymes and thus bacterial 
growth. The binding of nitrite with the iron in myoglobin reduces the oxidation of 
unsaturated fatty acids and therefore prevents rancidity (Roberts and Dainty, 1996, Flores 
and Toldrá, 1993, Walters, 1996). Due to the carcinogenic N-nitroso compounds produced 
from nitrite during meat fermentation (Walters, 1996), the use of nitrite and nitrate as 
preservatives in foods are limited. Vietnamese standards for nitrite content in uncooked 
processed meat is not higher than 1340 mg/kg (Vietnam Ministry of Health, 2002). Food 
Standard Australia New Zealand permits maximum amount of total of nitrates and nitrites 
(calculated as sodium nitrite) of 500 mg/kg in fermented, uncooked processed comminuted 
meat products (Food Standards Australia New Zealand, 2002a). However, these standards 
only regulate the residual amounts of nitrites and nitrates in final products. Once in the 
product, nitrate is reduced to nitrite, and the detectable level of nitrite declines with time. 
The rate of loss of nitrite is dependent on a number of factors including the initial heat 
process, the pH of the product and the time and temperature of storage (Roberts and Dainty, 
1996). In fermented products, LAB particularly Lactobacillus spp. e.g L. pentosus, L. 
plantarum, L. brevis, L. lactis, Lb. fermentum deplete more than 98% of the initial nitrite 
contents (Yan et al., 2008). 
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Sodium ascorbate, usually 300-500 mg per kg, is frequently added, together with 
nitrite, to accelerate the development of curing color and flavour (Lucke, 2000a). It also 
acts as anti-oxidant, which prevents the rancidity of the product and extends its shelf-life. 
1.5.1.5. Herbal leaves 
Herbal leaves are introduced in the product by wrapping around the product before 
packing in banana leaves. These herbs, which are also consumed with the final product, 
provide nem chua its distinctive aroma and flavour as well as antibacterial effects. 
Depending on the regions, the herbal leaves used in nem chua vary, including guava 
(Psidium Guajava) leaves and Phyllanthus acidus leaves in Southern regions of Vietnam, 
Polyscias Fruticosa Harms leaves and Ficus hispida leaves in Northern Vietnam (Figure 
1.6). 
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Figure 1.6. Herbal leaves used in nem chua production 
 (a)   Guava leaves       
(b)   Phyllanthus acidus leaves  
(c)   Polyscias Fruticosa Harms leaves 
(d)   Ficus hispida leaves 
 
(a)            (b) 
(c)            (d) 
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1.5.2. Nem chua production 
The conventional nem chua making procedure is illustrated in Figure 1.7. After 
trimming to remove fats and connective tissues, lean pork is comminuted in a grinder. 
GRR, spices and additives are then added into the comminuted meat and mixed. Shredded 
boiled pork rind is then added and mixed. After a complete mixture is obtained, it is 
portioned, shaped and wrapped in herbal leaves. The mixture is then tightly wrapped with 
banana leaves. The so-called “raw” nem chua is then left to ferment at ambient temperature. 
Fermentation usually takes one to two days in summer (average temperature of 29.2oC) and 
three to four days in winter (average temperature of 17.2oC). During the first one to two 
days of fermentation, natural LAB in the nem chua mix grow to a high number and use up 
all the oxygen, creating a microaerophilic condition. In this period, the pH of  the nem chua 
preparation reduces from an initial pH of around 6.5 to around 5.0 (Lucke, 2003). In the 
next one to two days, under microaerophilic conditions, the high number of LAB in nem 
chua produce significant amounts of lactic acid, resulting in further lowering of pH value to 
safe range (< 4.6 - 4.8) (Lucke, 2003) and reduction of unwanted microorganisms including 
pathogens and spoilers. After the completion of the fermentation process, nem chua can be 
kept for up to ten days in the refrigerator (0-4oC) or three to four days at room temperature.  
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Figure 1.7. Traditional nem chua making procedure 
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1.5.3. What makes nem chua safe? 
There are a variety of hazards that can be associated with fermented sausages. 
However, they can be controlled and the risk they pose can be reduced to acceptable levels 
by effective and hygienic processing and preparation and a number of antimicrobial 
hurdles. 
1.5.3.1. Product formulation 
The initial quality of all ingredients used is a very important factor to product safety, 
especially the raw meats (Adams, 2001). Usually the pork used to produce nem chua is of 
premium quality and supplied in the early morning, freshly after slaughtering by one or two 
butchers with long history of trading with the producers. Additionally, the meat is usually 
processed right away without any further storage.  
Additionally, a number of ingredients in nem chua formulation have natural 
antimicrobial ability that can act as hurdles against the growth of unwanted pathogens. 
They are salt, spices (garlic and pepper), nitrites and herbal leaves. Salt decreases the initial 
water activity thus inhibits or at least delays the growth of many unwanted bacteria while 
favouring the growth of starter ones (Demeyer and Stahnke, 2002). Nitrite passes the ion 
barrier of bacterial cell wall and disturbs the function of bacterial enzymes and thus 
bacterial growth (Roberts and Dainty, 1996). The spices and herbal leaves contain natural 
antioxidant and antimicrobial compounds (Shan et al., 2007). 
1.5.3.2. Manufacturing procedure 
Comminution of the meat will disrupt cells, thereby releasing their contents. This will 
activate the antibacterial activities of natural bioprotective substances contained in the 
ingredients such as allicin in garlic (Adams, 2001). On the other hand, cellular disruption 
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will increase the supply of nutrients to any microorganisms present, stimulating their 
growth. This can be beneficial when the growth of those organisms whose dominance is 
necessary for a successful fermentation is encouraged. However, in some circumstances, it 
could also stimulate the growth of any pathogens present. Therefore, one important 
requirement for fermentation process is that the starter culture (added or natural) has to 
outgrow other unwanted organisms in order to render the product safe. 
Mixing step will serve to distribute microorganisms throughout a mass of material. 
Very often, this distribution will accelerate the desirable fermentation (Adams, 2001, 
Lucke, 2000a) and thereby improve safety . 
Safety of fermented meat products like nem chua relies significantly on fermentation. 
Improvements in safety arising from microbial activity during fermentation are mostly due 
to LAB, which are naturally present in the batter from raw ingredients and back-slop, or 
added as starter culture. The antagonistic ability of LAB have been reviewed in Section 1.3.  
Generally, the safety of fermented meat products like nem chua is not only ensured 
by any single factor but multiple hurdles. If any of these hurdles are violated, the quality, 
especially safety of nem chua is at risk. 
1.6. Summary of the current situation and the significance of the project 
The distinctive taste, perceived digestive benefits and cultural values of nem chua 
have made it one of the most important traditional foods in Vietnamese eating culture for 
centuries. However, to date, there is very limited scientific research on this traditional food, 
especially regarding its native LAB population and development of a starter culture for nem 
chua. 
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The native microflora of nem chua has not been defined, like most of other traditional 
fermented foods in Southeast Asia (Leisner et al., 1999). The only attempt to date to 
understand the LAB population in nem chua was performed by Vu (1998). The author 
found that LAB, particularly rod-shaped bacteria which he assumed to be Lactobacilli, were 
predominant in ready-to-eat nem chua. However, Vu (1998) did not proceed to further 
define the native LAB population in nem chua. In the study by Truong et al. (2004), which 
investigates the nem chua production process and practices in Vietnam conducted at two 
typical producers, high levels (104 CFU/g) of Escherichia coli and S. aureus were found in 
the finished products. The authors concluded that the product poses high health risks due to 
the nature of the product itself and the potential for contamination during processing 
(Truong et al., 2004).  
There have been a few attempts to search for a starter culture for nem chua 
fermentation. Phan et al. (2005) randomly isolated LAB from nem chua and selected a 
bacteriocin-producing LAB among them. However, this bacterium could only reduce E. 
coli load by only around one log compared to the control samples in microbial challenge 
testing. In another study, Truong (2006) attempted to isolate LAB that produce bacteriocin 
from nem chua but could not select any. To date, there has not been any study that isolates 
LAB with strong acidifying ability from nem chua for potential use as starter culture. It is 
important to bear in mind that good acid production is an important criterion for selection 
of protective starter culture for meat fermentation (Ammor and Mayo, 2007) 
Though there has been very limited study performed on nem chua, a number of 
researches have been conducted on nham, a Thai uncooked fermented pork sausage very 
similar to nem chua. Similar to the study by Truong et al. (2004), nham was found to be 
frequently contaminated with S. aureus and E. coli (Petchsing and Woodburn, 1990, 
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Chokesajjawatee et al., 2009). Additionally, protective starter cultures have been isolated 
from nham (Rattanachaikunsopon and Phumkhachorn, 2006, Noonpakdee et al., 2003) and 
used as starter culture in nham fermentation (Visessanguan et al., 2006, Luxananil et al., 
2009). The starter culture contained nisin-producing Lactococcus lactis (Noonpakdee et al., 
2003), L. curvatis (Visessanguan et al., 2006) or L. plantarum (Rattanachaikunsopon and 
Phumkhachorn, 2006, Luxananil et al., 2009). 
In general, there is a current shortage in the scientific information available on nem 
chua. Therefore, the study on the native microflora of the LAB population is important as it 
would provide the information on the bacteria that have been responsible  for safe  nem 
chua for generations. Additionally, it is imperative to isolate a protective starter culture for 
nem chua in the effort to improve product safety, quality and consistency, as well as 
commercialise nem chua production due to its good export potential.  
1.7. Project objectives and thesis structure 
This  study  was  conducted  to  address  part  of  a  deficiency  in  the  information  
about the native microflora in nem chua and the application of protective starter culture in 
nem chua fermentation. Therefore, the objectives of this study were:  
1. to evaluate the hygienic status of retail nem chua samples and effects of sample 
parameters on this status; 
2. to study the diversity of the native LAB population in nem chua; 
3. to isolate and select LAB from nem chua for potential use as starter culture; 
4. to identify the antimicrobial compounds other than acids produced by the selected 
LAB; and 
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5. to evaluate the antagonistic ability of the selected LAB in microbial challenge study. 
With respects to the content of this thesis, it is structured to contain seven chapters. 
Chapter 1 contains reviews of literatures and other relevant issues affecting this field of 
research. Chapters 2 to 6 present the results of the five studies conducted, each was aimed 
to address one of the above objectives: Chapter 2 reports the study on the hygienic status of 
nem chua. The native LAB population in nem chua is characterised in Chapter 3. In 
Chapter 4, the LAB with potential use as starter culture for nem chua were isolated and 
selected among the native LAB of nem chua. The antimicrobial compound other than acids 
produced by Lactobacillus plantarum B21 isolated from Chapter 4 was identified and 
characterised in Chapter 5. Chapter 6 evaluates the antagonistic ability of the selected LAB 
in microbial challenge study. In Chapter 7, the results from Chapter 2 to 6 are summarized, 
the major conclusions are drawn and the future directions are proposed. Chapter 7 is 
followed by the list of all the references used in this thesis and the appendices where the 
relevant data needed to support the main results of the study are included. 
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CHAPTER 2- HYGIENIC STATUS OF NEM CHUA 
2.1. Introduction  
It is generally accepted that fermentations involving production of lactic acid are safe. 
Nem chua, a traditional and indigenous uncooked Vietnamese fermented sausage, is an 
ancient lactic fermentation which occurs naturally or only with back-slop. The use of 
traditional methods and practices that are based on art rather than science has raised 
concerns about the hygienic status of this product. Truong et al. (2004) provided an 
overview of the nem chua production process and practices in Vietnam and conducted a 
survey of the hygienic status of nem chua from two typical producers and found high levels 
(104 CFU/g) of E. coli and S. aureus in the finished products. They concluded that the 
product poses high health risks due to the nature of the product itself and the potential for 
contamination during processing (Truong et al., 2004).  
The process used in the production of fermented meats, ready-to-eat products that 
generally do not receive heat treatment, depends on a number of factors and varies 
considerably between countries. In Vietnam, the process varies even between regions 
(North, Middle and South) and is mainly based small family producers using processing 
methods and practices that have been passed down from generation to generation. There are 
currently very limited studies, if any, on the hygienic situation of such small-scale 
processing units in Vietnam. Therefore, the aim of this study was to evaluate the hygienic 
status of nem chua by using Escherichia coli and Enterobacteriaeae levels as indicators for 
production hygiene and S. aureus levels to indicate human contamination for nem chua 
products in various regions of Vietnam. The effects of pH and four sample parameters 
(product size, product origin, retail outlet and storage condition) were also examined. 
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2.2. Materials and methods 
2.2.1. Sampling 
A total of ninety nem chua retail samples (n = 90) were obtained from markets, 
supermarkets and other outlet types (such as vendors, road-side shops) in the North, Middle 
and South of Vietnam from June 2007 to July 2008. All nem chua samples were ready-to-
eat, uncooked, packed in banana leaves and on display in ambient or refrigerated condition. 
Usually, ten nem chua samples were purchased on each day of testing. Information on 
sample size, product origin, sample outlet and storage conditions were recorded. The 
samples were kept in ice and transported immediately to the laboratory for testing. All the 
tests were performed in triplicate unless otherwise specified by the approved Australian 
Standards (AS). 
2.2.2. pH measurement 
A composite mixture of each nem chua sample was produced by grinding 100 g of 
nem chua using mortar and pestel. The potentiometric measurement of pH was made by 
inserting the pin electrode of a pH-meter (Mettler Toledo MP220) directly into each 
composite sample. 
2.2.3. Microbiological tests 
The microbiological tests were performed according to approved standard methods as 
below. The general equipments used are listed in Appendix 1 and all microbiological media 
and chemicals used were listed in Appendix 2. 
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2.2.3.1. Preparation of nem chua samples for microbiological experiments 
Sample preparation and serial dilutions of the homogenates were prepared according 
to Australian Standard AS 5013.11.2-2006. In brief, nem chua was aseptically removed 
from its packaging, cut and weighed using sterile scissors and scalpels. Samples (10 g) 
were transferred to sterile stomacher bags (Seward, UK) containing 90 mL sterile buffered 
peptone water (Merck) and homogenized in a Stomacher (Stomacher400 Circulator, 
Seward, UK). Serial diluents were prepared by mixing 1 mL of the initial suspension in 9 
mL of buffered peptone water and repeating this operation with each dilution until a 
decimal dilution series suitable for the inoculation of the culture media was obtained. 
2.2.3.2. Microbiological enumerations: Total viable counts, lactic acid 
bacteria, Enterobacteriaceae, and Escherichia coli  
The appropriate diluents of nem chua sample were prepared as described in Section 
2.2.3.1 and selected for plating to achieve 30-300 colonies per plate. The samples were 
analysed for the following parameters. 
- Total viable counts (TVC) were enumerated on Plate Count Agar using pour plate 
method and incubation at 30oC for 72 hours (AS 5013.1-2004); 
- De Man, Rogosa and Sharpe (MRS) agar was used to enumerate mesophilic lactic 
acid bacteria (LAB) using pour plate method and incubation at 30oC for 48 hours (De Man 
et al., 1960); 
- For Enterobacteriaceae counts, the diluents were spread-plated on Violet Red Bile 
Dextrose agar, followed by incubation at 37oC for 24 hours (AS 5013.8-2004).  
- Escherichia coli was enumerated on Endo agar using spread plate method and 
incubation at 44oC for 24 hours (American Public Health Association, 2005). All 
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presumptive E. coli colonies (appearing red with permanent greenish metallic sheen) were 
confirmed by indole test (AS 5013.15-2006): The colony was transferred to a tube 
containing peptone water and incubated at 44oC for 48 hours. Indole (Kovac’s) reagent (0.5 
mL) was then added, mixed well and examined after one minute. A red colour in the 
alcoholic phase indicates the presence of indole. 
2.2.3.3. Coagulase-positive staphylococci (CPS) 
The test was performed using AS 5013.12.1-2004 method. In brief, the appropriate 
dilutions were spread plated on Baird-Parker agar with added egg yolk tellurite, followed 
by incubation at 37oC for 24 hours. Typical CPS colonies appeared black or grey, shining, 
convex (1 – 1.5 mm in diameter) and surrounded by a clear zone. Atypical colonies were 
grey or shining black without a clear zone or with/without a narrow white edge. To confirm 
their coagulase activity, five typical colonies and five atypical colonies from each plate 
were selected and transferred to brain-heart infusion broth and incubated at 37oC for 24 
hours. Aseptically 0.1 mL of each culture was added to 0.3 mL of the rabbit blood plasma 
in sterile haemolysis tubes and incubated at 37oC for 4-6 hours. The coagulase test was 
deemed positive if the volume of clot occupies more than half of the original volume of the 
liquid. Sterile brain-heart infusion broth was used as a negative control. S. aureus ATCC 
25923 was used as a positive control. 
2.2.4. Detection of toxigenic Escherichia coli O157:H7 
2.2.4.1. Detection of E. coli O157:H7 
The procedure for detection of E. coli O157:H7 in nem chua was based on U.S. Food 
and Drug Administration’s Bacteriological Analytical Manual (Feng and Weagant, 1998). 
The procedure was as follows:  25g of nem chua sample was homogenised and enriched in 
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225 mL of mTSB-Broth with novobiocin. Following incubation (37oC for 24 h), 0.1 mL of 
broth was spread plated on Sorbitol MacConkey agar supplemented with tellurite cefixime 
(CT-SMAC) and incubated at 37oC for 24 hours. Six sorbitol-negative colonies, which 
appeared colourless or neutral/grey with a smoky centre on CT-SMAC, were selected from 
each sample, transferred into tryptone water, incubated at 44oC for 48 h and tested for 
reactions with indole reagent. All isolates that produced indole positive results were 
identified using API20E kit (BioMerieux). The isolates identified as E. coli were tested for 
the presence of the O157 and H7 antigens using RIM E. coli O157:H7 Latex Test (Remel, 
Australia) using the provided positive and negative controls. The E. coli isolates which 
were O157 and H7 positive were then tested for their toxigenic potential by multiplex PCR. 
Salmonella Typhimurium 82/6915 (microorganism collection of RMIT University) was 
used as positive control for multiplex PCR. 
2.2.4.2. Multiplex PCR for the detection of toxigenic E. coli O157:H7 
2.2.4.2.1. DNA extraction 
Total chromosomal DNA was prepared using CTAB/NaCl method as described by 
Ausubel et al. (1994): The LAB was grown in five to 10 mL MRS broth at 30oC for 24 
hours. The bacterial cells were collected by centrifuging at 5,445 × g for five minutes, 
which were then washed with TE buffer. The cells after washing were suspended in 500 µL 
lysis buffer, into which 50 µL of lysozyme (200 mg/mL) was added. The cell suspension 
was lysed at 37oC for one hour with constant shaking. To the cell suspension, 35 µL of SDS 
10% was then added and mixed, followed by 20 µL of proteinase K (10 mg/mL) and mixed 
thoroughly. The suspension was incubated at 37oC for another hour. To remove the cell 
wall debris, polysaccharides and remaining proteins, 100 µL of 5 M NaCl was added and 
mixed, followed by adding and mixing of 80 µL of CTAB/NaCl. The mixture was 
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incubated at 65oC for 30 – 60 minutes. An equal volume of chloroform/isoamyl alcohol was 
added and mixed thoroughly and then centrifuged at 13,400 × g for 20 minutes or until the 
white interface became invisible after centrifugation. The aqueous supernatant was 
collected. The steps from adding of CTAB/NaCl were repeated to facilitate the removal of 
polysaccharides and proteins in the mixture. Into the collected aqueous supernatant, an 
equal volume of phenol/chloroform/isoamyl alcohol was added and mixed, then centrifuged 
at 13,400 × g for 15 minutes. The supernatant was collected and isopropanol was added and 
mixed by gently shaking. The pellets were removed by centrifuging at 13,400 × g for 15 
minutes. The DNA was collected and washed with 70% ethanol, dried and dissolved in 200 
µL TE buffer. The DNA extracts were stored at -80oC. 
2.2.4.2.2. Multiplex PCR 
The method of multiplex PCR for detection of toxigenic E. coli O157:H7 was 
adopted from Paton and Paton (1998). PCR reaction was carried out according to the 
protocol below (50 µL reaction): 
10× Buffer      5 µL 
MgCl2 (2.5 mM)     4 µL 
Forward primer (50 ng/µL)     2 µL  
Reverse primer (50 ng/µL)     2 µL 
dNTP mix (10 mM)      1 µL 
DNA (50ng)       2 µL 
Taq polymerase     0.3 U   
dH2O       Make up to 50 µL 
The primers used for multiplex PCR are listed in Table 2.1. The PCR amplification 
condition was adopted from Chapman et al. (2006) and described in Table 2.2. Salmonella 
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Typhimurium 82/6912 was used as positive control for multiplex PCR. All PCR products 
were stored at either 4oC (short-term) or -20oC (long-term).  
 
Table 2.1. Primers used for multiplex PCR for the detection of 4 virulence genes in E. 
coli O157:H7  
Primers Sequence (5’-3’) Specificity Amplicon 
size (bp) 
stx1F ATAAATCGCCATTCGTTGACTAC nucleotide 454–633 of A 
subunit coding region of stx1 180 stx1R AGAACGCCCACTGAGATCATC 
stx2F GGCACTGTCTGAAACTGCTCC nucleotide 603–857 of A 
subunit coding region of stx2 255 stx2R TCGCCAGTTATCTGACATTCTG
eaeAF GACCCGGCACAAGCATAAGC nucleotide 27–410 of eaeA 
384 
eaeAR CCACCTGCAGCAACAAGAGG 
hlyAF GCATCATCAAGCGTACGTTCC nucleotide 70–603 of EHEC 
hlyA 534 
hlyAR AATGAGCCAAGCTGGTTAAGCT
Source: adopted from Paton and Paton (1998) 
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Table 2.2. PCR amplification condition for the multiplex-PCR for the detection of 4 
virulence genes in E. coli O157:H7 
Number of cycles Step Temperature (oC) Time (min) 
1 Initial denaturation 95 3 
10 
Denaturation 95 1 
Annealing 65 2 
Extension 72 1 
1 
Denaturation 95 1 
Annealing 64 2 
Extension 72 1.5 
1 
Denaturation 95 1 
Annealing 63 2 
Extension 72 1.5 
1 
Denaturation 95 1 
Annealing 62 2 
Extension 72 1.5 
1 
Denaturation 95 1 
Annealing 61 2 
Extension 72 1.5 
10 
Denaturation 95 1 
Annealing 60 2 
Extension 72 1.5 
10 
Denaturation 95 1 
Annealing 60 2 
Extension 72 2.5 
Source: adopted from Chapman et al. (2006) 
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2.2.4.2.3. Agarose gel electrophoresis 
Agarose gel (2%) for electrophoresis of DNA samples was prepared by boiling 
required amount of agarose in 1× TAE (50 mL for minigels, 100 mL for midigels and 300 
mL for maxigels) until fully dissolved. After cooling to 50oC, the mixture was poured into 
casting gel and allowed to set. DNA after PCR was mixed with 11× loading dye (1/10 
volume of sample) and loaded into wells. Lambda DNA PstI ladder (Invitrogen) was used 
as marker. Electrophoresis was carried out using the BioRad power supply (Power Pac 300) 
at 80 V for 90 min. Following electrophoresis the gel was stained in an ethidium bromide 
bath (3 µg/mL) for 5-10 min and destained in tap water for 30 min or until the background 
was clear. Gels were visualised and photographs taken using the BioRad Gel Doc system. 
2.2.5. Data analyses 
The results were classified according to Food Standards Australia New Zealand for 
uncooked comminuted fermented meat products (Food Standards Australia New Zealand, 
2002b) as Vietnamese standards do not include specific requirements for uncooked 
fermented meat products like nem chua. The microbiological guidelines are shown in Table 
2.3. Data analyses and analysis of variance (ANOVA) were performed and comparisons 
between means were analyzed using Minitab 15.1 software. 
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Table 2.3. Australian and Vietnamese food standards 
Parameters 
Microbiological standards ( CFU/g) 
Australian a Vietnamese b 
n c m M S A U A U 
E. coli 5 1 3.6 9.2 < 3.6 3.6 - 9.2 ≥ 9.2 ≤10 > 10 
Enterobacteriaceae -- -- 102 104 < 102 102 - 104 ≥ 104 -- -- 
S. aureus 5 1 103 104 < 103 103 - 104 ≥ 104 ≤102 > 102 
Toxigenic E. coli -- -- 0 0 (-) in 25 g (-) in 25 g (+) in 25 g -- -- 
a: Microbiological limits for all comminuted fermented meat which has not been cooked 
during the production process (Food Standards Australia New Zealand, 2002b) and ready-
to-eat foods (Food Standards Australia New Zealand, 2001): 
n: minimum number of samples that must be examined; 
c: maximum allowed number of defective samples; 
m: allowed microbiological level in one sample; 
M: sample rejected if exceeding this microbiological level; 
S: satisfactory; A: acceptable; U: unacceptable. 
b: Vietnamese regulations for not-heated ready-to-eat meat products (Vietnam Ministry of 
Health, 2007). A: Acceptable; U: Unacceptable.  
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2.3. Results 
2.3.1. Microbiological status of nem chua 
Microbiological enumerations of all nem chua tested (n = 90) are summarized in 
Table 2.4. In comparison between TVC and LAB, both counts range from 108 – 1010 CFU/g 
with LAB contributing 80 − 100% of TVC. The LAB population exceeded 8 logs and 
average above nine logs indicates a rapid or sufficient fermentation. The microbial load for 
Enterobacteriaceae, E. coli and S. aureus are classified based on the microbiological 
guidelines for ready-to-eat foods (Table 2.3). The results (Figure 2.1) show that 92.2% 
(83/90) of the samples were classified as unacceptable for Enterobacteriaceae, 53.3% 
(48/90) were classified as unacceptable for E. coli while 56.7% (51/90) were classified as 
unacceptable for coagulase-positive staphylococci.  
To detect toxigenic E. coli O157:H7 in nem chua, sorbitol-negative colonies on CT-
SMAC were considered as O157 suspects. A total of 66 isolates (six suspects isolated from 
each of the 11 nem chua samples) were further tested with indole reaction. Positive isolates 
(48) to the indole reaction were identified using API20E kit and ten isolates were identified 
as E. coli. These ten isolates were further tested for 0157 antigen and three isolates were 
positive. These three isolates were then tested for H7 antigen and two isolates were 
positive. These two O157 and H7-positive E. coli isolates were further tested for toxigenic 
genes, which were confirmed to be absent in both isolates as shown in Figure 2.2.  
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Table 2.4. Microbiological counts and pH of 90 ready-to-eat nem chua (n = 90). 
Test Result a 
Total viable count 1.3×109 ± 1.8×101 
Lactic acid bacteria 1.0×109 ± 1.8×101 
Enterobacteriaceae 5.0 × 105 ± 7.9×102 
E. coli 2.5 × 103 ± 7.1×102 
CPS 3.2 × 104 ± 3.5×102 
Toxigenic E. coli O157:H7 b 0 
pH 4.77 ± 0.32 
a Data are given as mean ± standard deviation (expressed as CFU/g) 
b Data are expressed as number of isolates detected. 
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Figure 2.1. Microbiological status of nem chua samples (n = 90) 
*: Classification of microbiological status was according to Australian standards as 
specified in Table 2.3. 
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534 bp (hlyA) 
384 bp (eaeA) 
255 bp (stx2) 
  L    (+)     1     2
 
 
 
 
 
 
Figure 2.2. Multiplex PCR of E. coli O157:H7 isolated from nem chua. 
Lanes: L: Lambda DNA PstI ladder (Invitrogen);  
(+): S. Typhimurium 82/6912 (stx2+, eaeA+, EHEC- hlyA+) 
1,2: E. coli O157:H7 isolated from nem chua 
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2.3.2. Effects of pH and product parameters on the microbiological status 
The relationship between the overall microbiological status and average pH is 
presented in Figure 2.3. The results showed that deterioration in microbiological status is 
associated with an increase in sample pH. 
 
 
 
 
 
 
 
Figure 2.3. Relationship between average pH and microbiological status of nem chua 
(n = 90) 
*: The overall status was determined based on the classification results for the three microbiological 
parameters Enterobacteriaceae, CPS and E. coli according to Australian standards (Table 2.3): 
- satisfactory: Sample satisfactory for all three microbiological parameters; 
- acceptable: Sample acceptable for one or more microbiological parameter and satisfactory for 
the remaining parameter(s); 
- unacceptable: Sample unsatisfactory for one or more microbiological parameter; and 
satisfactory and/or acceptable for the remaining parameter(s). 
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The relationship between microbiological status and individual product parameters 
(product origin, retail outlet, storage condition and product size) is plotted in Figure 2.4 to 
2.7, where a bar is shown for each combination of bacteria and parameter value. Each bar is 
divided into segments that represent samples classified as “Satisfactory”, “Acceptable” and 
“Unacceptable”, which correspond to bacteria loads in the ranges specified in the 
microbiological guidelines (Table 2.3). The number of samples that were found to have a 
bacteria load in each range is stated on each segment. Information recorded at the point of 
collection showed that over half of the samples tested were from the Northern region of 
Vietnam (57/90). The most common source of the samples (39/90) was markets, with only 
about 17% (15/90) being obtained from supermarkets. The predominant storage condition 
was ambient temperature for over three-quarters of the samples (75/90). Almost two thirds 
of the samples (70%, 63/90) were packaged in banana leaves in small size (3 x 10 cm, net 
weight of about 20g).  
Samples produced in the Northern region (Figure 2.4) appear to have a higher 
bacterial load compared to samples produced in the South. All Northern samples (57/57) 
were found to be unacceptable for Enterobacteriaceae. Most samples were acceptable with 
respect to E. coli in the Middle (16/18) and Southern (12/15) regions. CPS was the only 
bacteria that were found in the satisfactory range. These differences could be due to the 
product formulations and processing methods and practices in the Southern region. 
Products obtained from markets were generally classified with a higher bacterial load 
compared to those obtained from supermarkets (Figure 2.5). This result is consistent with 
storage conditions where samples that were stored at ambient temperatures appeared to 
have higher bacterial load compared to samples stored at refrigerated condition (Figure 2.6) 
with 95% (71/75) unacceptable for Enterobacteriaceae, 56% (42/75) for E. coli and 61% 
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(46/75) for S. aureus compared to 80% (12/15) for Enterobacteriaceae, 40% (6/15) for E. 
coli and 33% (5/15) for S. aureus respectively. The linkage between retail outlet and 
storage condition is clearly related to better temperature control in supermarkets. During 
storage, the growth and inhibitory effects of LAB in nem chua start to decline as the bacteria 
reach stationary and death phases. This reduction favours the growth of other unwanted 
competitive microorganisms (e.g. indicators, pathogens and maggots), which is favourably 
supported by the favourable ambient storage temperature. 
Statistical analysis shows that product origin, outlet and storage condition had a 
significant effect on the microbiological status of the nem chua product (p-values < 0.05). 
Product size, on the other hand, had no significant effect on the microbiological status of 
the product. It is important to note that although the chart appears to indicate that medium 
size samples rated better than large or small, the number of medium size obtained was 
lower than large or small, as shown in Figure 2.7. 
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Figure 2.4. Effect of product origin on microbiological status of nem chua (n=90).  
Product origin is the region where the product was made (North (Hanoi, Thanh Hoa), 
Middle (Hue, Nha Trang), and South (Hochiminh City, Thu Duc)) 
*: Classification of microbiological status was according to Australian standards as 
specified in Table 2.3. 
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Figure 2.5. Effect of retail outlet on microbiological status of nem chua (n=90).  
Retail outlet is where the product was sold (markets, supermarkets, others) 
*: Classification of microbiological status was according to Australian standards as 
specified in Table 2.3. 
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Figure 2.6. Effect of storage condition on microbiological status of nem chua (n=90).  
Storage condition is refrigerated or ambient conditions (stored in the fridge or on shelves) 
*: Classification of microbiological status was according to Australian standards as 
specified in Table 2.3. 
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Figure 2.7. Effect of product size on microbiological status of nem chua (n=90).  
Sample size is small (15-40 g), medium (40-150 g) or large (>150 g). 
*: Classification of microbiological status was according to Australian standards as 
specified in Table 2.3. 
________________________________________________Chapter 2- Hygienic status of nem chua 
75 
2.4. Discussion 
In this study, the results demonstrated high level of Enterobacteriaceae, E. coli and S. 
aureus contamination in nem chua. As the results are mainly used to evaluate the 
microbiological quality of the product in comparison to regulatory requirements, further 
analyses and identification are required to be able to conclude if they are harmful, benign, or 
beneficial. However, the presence of these bacteria indicates poor hygienic product, which 
was probably due to poor raw material quality (especially raw pork and pork skin), poor 
hygiene (such as cleaning and sanitation) and process control (such as delay in acid 
production). They also indicate the likelihood of the presence of pathogens (Adams, 2001, 
Moore, 2004, Craven et al., 1997), which was confirmed by the high level of CPS and E. 
coli. In this study, however, no toxigenic E. coli O157:H7 was detected in nem chua. As far 
as we are aware, there has been no study or report on E. coli O157:H7 in Vietnamese foods 
including nem chua. However, many fermented meat products have been reported to be 
sources of this microorganism with resulting outbreaks. Some examples are Genoa salami 
in Canada (Williams et al., 2000), salami in Columbia (MacDonald et al., 2004), dry cured 
salami in Washington (Alexander et al., 1995) and Northern California, USA (Tilden et al., 
1996). The detection of E. coli O157:H7 in nem chua in this study is a concern. Though 
confirmed to be non-toxigenic, there is still a major health problem implied if the toxigenic 
genes are transferred from other Shiga-toxigenic E. coli. Such E. coli has been reported as 
the causative agent of food poisoning outbreaks, such as E. coli O103:H25 in mutton 
sausage in Norway (Schimmer et al., 2008) or E. coli O111:H- in dry fermented sausage in 
Australia (Paton et al., 1996). The transfer of virulent genes among Gram-negative bacteria 
has also been observed in literature (Morita et al., 2002, Saunders et al., 2001, Karch et al., 
1999). 
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In this study, due to the limitations of the infrastructure avaible at the laboratory in 
Vietnam where the experiments took place, the detection of enterotoxin in nem chua with 
high CPS loads was not performed. However, as according to Scheusner and Harmon 
(1973), there was no measurable S. aureus enterotoxin developed in any food with a pH 
below 5.0. In addition, the contamination was not sufficiently high for enterotoxin 
production which usually required a level of >106 CFU/g (Ash, 1997).  
The high levels of E. coli and S. aureus found in this study (Table 2.4.) were in 
agreement with similar work done on nem chua by Truong et al. (2004). In addition, 
Chokesajjawatee et al. (2009) also found high levels of S. aureus in nham, a Thai fermented 
sausage similar to nem chua. Human contaminations are usually implicated in the 
transmission of S. aureus to food as this pathogen is a ubiquitous organism that is present in 
the skin and mucous membrane of most warm blooded animals including humans and 
animals (Ash, 1997). 
The results demonstrated the association of increase in sample pH with the 
deterioration in microbiological status (Figure 2.3). This agrees with many studies (Clavero 
and Beuchat, 1996, Calicioglu et al., 1997, Casey and Condon, 2000) where it was 
observed that lower levels of pH are associated with greater reductions in microbial growth 
in fermented meats. In this study, it appears that a pH control of less than 4.77 is required to 
keep the finished product in the acceptable classification. Statistical analysis of the results 
based on the gradient of the graph (Figure 2.3) shows that pH has a significant effect on S. 
aureus, Enterobacteriaceae and the overall microbiological status. The effect on E. coli 
could not be determined because the average pH of samples classified as acceptable with 
respect to E. coli was almost identical to that of samples classified as unacceptable. 
Therefore, other factors besides pH must be responsible for the observed differences in E. 
________________________________________________Chapter 2- Hygienic status of nem chua 
77 
coli counts between samples. McQuestin et al. (2009) in their analyses of collected data 
found that while inactivation of E. coli ensues when environmental factors preclude growth, 
further decreases in pH do not appear to greatly hasten inactivation; instead temperature has 
the dominant effect on inactivation rate. It is important to bear in mind that although 
temperatures of fermented meat processes do not necessarily cause the destruction of E. 
coli cells, the storage temperature is an important variable of the inactivation rate. The 
results (Figure 2.5 and 2.6) indicate that storage temperature (ambient or refrigerated) is 
most likely the factor responsible for E. coli count. As demonstrated in Figure 2.5 and 2.6, 
the refrigerated nem chua samples in supermarkets had lower E. coli counts than nem chua 
stored at room condition from other outlets. This finding was in agreement with McQuestin 
et al. (2009).  
To our knowledge, this is the first study that evaluates the effects of product 
parameters on hygienic status of nem chua. The significant impacts of product origin as 
observed in this study could probably be due to the great variations in product formulation 
(such as type, quantity and quality of ingredients used, back-slopping) and production 
methods (such as manufacturing procedure, product handling) within different regions of 
Vietnam. Post-fermentation storage condition is an important variable to product safety, as 
illustrated by the impacts of product outlet and storage condition. Our results also show that 
nem chua from the Middle and South of Vietnam, nem chua stored refrigerated and nem 
chua sold in supermarkets had better microbial quality. 
2.5. Conclusion 
This study shows the high frequencies and levels of Enterobacteriaceae, E. coli and 
coagulase-positive Staphylococcal contaminations in retail nem chua in Vietnam. Of 90 
nem chua samples tested, 92.2% were classified as unacceptable for Enterobacteriaceae, 
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53.3% unacceptable for E. coli and 56.6% unacceptable for S. aureus. The high levels of 
Enterobacteriaceae and E. coli indicate poor production hygiene while high 
Staphylococcus aureus levels indicate poor handling practices and likely human 
contamination. The results also show the significant impacts of product origin, outlet and 
storage conditions on product microbiological quality.  
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CHAPTER 3- MOLECULAR DIVERSITY OF NATIVE LACTIC ACID 
BACTERIA IN NEM CHUA 
3.1. Introduction 
Nem chua is an uncooked traditional fermented meat product, which over generations 
has remained one of the most popular traditional Vietnamese foods. However, there are 
growing concerns regarding the hygienic status of this product, as demonstrated in Chapter 
2 and in the study by Truong et al. (2004). The safety of nem chua relies significantly on 
the fermentation process, which usually occurs naturally or with the use of back-slop. In 
other words, the outcome of fermentation relies on the competitive activities of the LAB 
and other unwanted organisms in the meat batter. LAB have been known to be able to 
produce a range of antimicrobial compounds to suppress other competitors as well as 
provide the fermented meat product its unique and typical sensory characteristics 
(Axelsson, 2004). Therefore, there is a great interest in the description of this native LAB 
population.  
Literature on the studies of the LAB ecology of fermented sausages is available 
(Cocolin et al., 2004, Urso et al., 2006, Rantsiou et al., 2006). The traditional 
microbiological methods based on plating analysis and biochemical identification of 
isolated strains, have now been generally accepted to be problematic, time-consuming, and 
in the cases of unculturable organisms, impossible (Rantsiou and Cocolin, 2006). 
Therefore, the common approach to investigate the diversity of a microbial population in 
recent literature is to identify the isolates at genus and species level and then discriminate 
strains within the same species usually molecular methods (Coeuret et al., 2003, Rantsiou 
and Cocolin, 2006, Singh et al., 2009). Several molecular methods have been developed to 
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replace the traditional cumbersome ones, which were reviewed by Rantsiou and Cocolin  
(2006) and Singh et al. (2009). These methods are all reliable, simple to interpret and their 
application avoids subjective interpretation by the technician (Rantsiou et al., 2006). 
Current strain-specific techniques commonly used include multiple DNA-based methods 
such as pulsed-field gel electrophoresis (PFGE), random amplified polymorphic DNA 
(RAPD), PCR, ribotyping and protein-based methods such as SDS-PAGE (Rantsiou and 
Cocolin, 2006). The available literature indicates that PFGE is reproducible, generating a 
banding pattern that is easy to interpret and especially highly discriminatory as the whole 
genomic DNA is involved (Tynkkynen et al., 1999, Nigatu, 2000, McCartney, 2002, 
Coeuret et al., 2003). This method has been used to differentiate members of various genera 
including Lactobacillus (Ventura and Zink, 2002, Bouton et al., 2002, Zhang and Holley, 
1999, Björkroth et al., 1996, Tynkkynen et al., 1999), Lactococcus (Moschetti et al., 2001), 
Pediococcus (Simpson et al., 2006), E. coli (Scott et al., 2006). However, the drawbacks of 
this method are the limited number of samples that can be analysed, its complexity, time-
consumption and the use of sophisticated techniques and equipment. Alternatively, PCR 
amplification of repetitive bacterial DNA elements (rep-PCR) is recognized as a simple 
PCR-based technique with high discriminatory power, low cost, suitable for a high-
throughput of strains, and considered to be a reliable tool for classifying and typing a wide 
range of Gram-negative and several Gram-positive bacteria (Gevers et al., 2001, Ventura 
and Zink, 2002). Its successful application in molecular characterisation of LAB from 
fermented foods has been reported (Kostinek et al., 2007, Cocolin et al., 2004, Iacumin et 
al., 2006, Gevers et al., 2001, Tamang et al., 2005, de Urraza et al., 2000).  
Despite the growing interest in the LAB ecology of traditional fermented sausages, 
there is currently a paucity of knowledge about the native LAB population in nem chua. 
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This study was thus conducted to address this shortage in information. In this Chapter, our 
purpose was to identify the randomly isolated LAB from nem chua from different 
producers and regions of Vietnam to species level and molecularly characterize them at 
strain level. The results were intended to provide the information on which genera and 
species constitute this native LAB population in nem chua, whether there is a diversity of 
LAB within the same species and how this population differ among different producers and 
regions of Vietnam. Sugar metabolism characteristics and 16s rDNA sequencing were 
conducted to identify the LAB isolates to species level, and the isolates within the same 
species were molecular typed using PFGE and rep-PCR methods. 
 
3.2. Materials and methods 
3.2.1. Nem chua samples 
Thirty nem chua samples were purchased from January to May 2008 from various 
outlets (markets, supermarkets and other outlet types) in the North (Hanoi, Thanh Hoa), 
Middle (Hue, Nha Trang) and South (Hochiminh city, Thu Duc) of Vietnam. The samples 
were purchased when the fermentation process was considered completed based on labels 
or communicated verbally by the producers. The isolation of LAB was performed 
immediately after purchase. 
3.2.2. Random isolation of LAB from nem chua 
The preparation and dilution of nem chua samples was performed as described in 
2.2.3.1. Appropriate diluents were spread-plated on MRS agar and incubated at 30oC for 24 
hours (Section 2.2.3.2.). Two to three isolates from each sample were randomly selected. A 
total of 74 isolates were collected for this study. 
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3.2.3. Identification of LAB isolates 
The LAB isolates were identified by their sugar fermentation characteristics using 
API 50 CHL kits (BioMerieux, Australia) according to the manufacturer’s instructions, and 
16s rDNA sequencing. The sequencing procedure was performed as followed: 
- DNA extraction: The DNA of LAB isolates were extracted using the method 
described in Section 2.2.4.2.1. 
- PCR reaction: The PCR reaction was carried out according to the protocol below (50 
µL reaction): 
  10 × PCR buffer   5 µL 
  MgCl2 (25 mM)   1.5 µL 
  dNTP mix (10 mM)   1 µL 
  Forward primer 616V (100 µM) 0.5 µL 
  Reverse primer 1492R (100 µM) 0.5 µL 
  Tag polymerase   0.25 U 
  DNA template  (50ng)   100 ng 
  DNA-free water  made up to 50 µL 
The primers used were 616V (5’- AGAGTTTGATYMTGGCTCAG- 3’) and 1492V 
(5’- TACGGCTACCTTGTTACGACTT- 3’). The PCR condition is described in Table 3.1. 
All PCR products were stored at either 4oC (short-term) or -20oC (long-term). 
- Agarose gel electrophoresis: The electrophoresis was carried out as described in 
Section 2.2.4.2.3 with 1.5% agarose gel and at 90 V for 60-80 min. 
___________________________________________Chapter 3- Molecular diversity of native LAB 
83 
- Purification of DNA from agarose gel: Purification of DNA from agarose gel was 
performed with the QIAquick Gel extraction kit using the manual provided by the 
manufacturer (Qiagen, USA).  
- DNA sequencing: DNA was amplified using ABI Prism BigDye Terminator Cycle 
Sequencing Ready Reaction Kit. The amplified DNA was then precipitated using 
ethanol and sodium acetate according to the  manufacturer’s  protocol  and  was  
sequenced  using  the  3730  Capillary  Sequencer  at Monash University, Clayton, 
Victoria (Australia). 
 
Table 3.1. PCR amplification condition for 16s rDNA sequencing 
Number of cycles Step Temperature (oC) Time (min) 
1 Initial denaturation 94 10 
35 
Denaturation 94 0.5 
Annealing 50 0.5 
Extension 72 2 
1 Extension 72 7 
 
3.2.4. Repetitive polymerase chain reaction (rep-PCR) 
The method for rep-PCR was adopted from Coudeyras et al. (2008). The solutions 
and buffers used were listed in Appendix 3. DNA extraction was performed using 
CTAB/NaCl method as described in Section 2.2.4.2.1. PCR reaction was carried out 
according to the protocol below (25 µL reaction): 
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  10 × PCR buffer   2.5 µL 
  MgCl2 (50 mM)   1.5 µL 
  dNTP mix (25 mM)   0.2 µL 
  Primer (100 µM)   0.25 µL 
  Tag polymerase   1 U 
  DNA template  (50ng)   100 ng 
  Molecular grade water  made up to 25 µL 
The primer used was (GTG)5 (5’-GTGGTGGTGGTGGTG-3’). The PCR condition is 
described in Table 3.2. All PCR products were stored at either 4oC (short-term) or -20oC 
(long-term). The electrophoresis was carried out as described in Section 2.2.4.2.3 with 
1.5% agarose gel and at 80 V for two hours. Lambda DNA PstI ladder (Invitrogen) was 
used as marker. 
 
Table 3.2. PCR amplification condition for repetitive-PCR 
Number of cycles Step Temperature (oC) Time (min) 
1 Initial denaturation 94 5 
35 
Denaturation 94 0.5 
Annealing 45 1 
Extension 72 4 
1 Extension 72 7 
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3.2.5. Pulse field gel electrophoresis (PFGE) 
The method was adopted from Smith and Cantor (1987). The solutions and buffers 
used were listed in Appendix 3. The isolates were grown in MRS broth for four to five 
hours until an optical density at 600 nm (OD600) of 0.3 to 0.4, which is equivalent to ~109 
cells per mL, was obtained. Cells were washed and resuspended in PIV buffer. Of this 
suspension 400 µL was mixed with 400 µL of 2% (w/v) low-melting-point agarose (Sigma) 
in PIV buffer and then dispensed into plug moulds. The solidified plugs were incubated 
overnight at 37oC in EC lysis buffer. The agarose plugs were suspended in ESP buffer and 
incubated at 50oC overnight. The plugs were then transferred to Fluoride/TE solution and 
incubated at 37oC for two hours to inactivate proteinase K. Then the plugs were washed 
three times in TE buffer at room temperature (20 min/wash) with gentle shaking. The plugs 
were then washed twice (20 min/wash), each in 200 µL of buffer D (Promega) with 
addition of 0.1 mg/mL bovine serum albumin. The restriction reactions with NotI 
(Promega) were carried out overnight as specified by the manufacturers. The digestion was 
stopped by adding 500 µL of TE buffer. The restriction fragments were separated by PFGE 
in a BioRad CHEF DR-II apparatus (Figure 3.1) by loading plug fractions in 1.1% (w/v) 
agarose gel in 0.5× TBE buffer. The running parameters were: voltage (5.3 V/cm), angle 
(120o); and pulse ramp (1 to 15 s for 24 hours at 14oC). The gels were stained with ethidium 
bromide and photographed under UV light. A lambda ladder (successively larger 
concatemers of 48.5-kb DNA fragments, New England Biolads, United Kingdom) was used 
as a molecular size marker.  
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Figure 3.1. Pulse field gel electrophoresis CHEF DR-II System (Biorad) 
(a) Gel casting 
(b) Pulse field gel electrophoresis 
(c) CHEF DR-II System (BioRad) 
(a)      (b) 
(c) 
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3.2.6. Cluster analyses 
Rep-PCR and PFGE patterns were compared visually and further analysed with 
GelCompar II software (Applied Maths, St-Martens-Latem, Belgium). The software was 
used to calculate the genetic similarity with Dice coefficient, cluster DNA profiles using the 
Unweighed Paired Group Arithmetic Average (UPGMA) method and create dendrograms 
for the isolates. The UPGMA method assumes a constant evolutionary rate occurs between 
the different lineages and identifies patterns in order of similarity, allowing the tree to be 
constructed in a step-wise manner (Opperdoes, 1997). A position tolerance of 1.0% was 
chosen for generation of all dendrograms.  
3.3. Results 
3.3.1. Identification of LAB 
Table 3.3 presents the species diversity of 74 LAB isolates used in this study. Details 
about the identification of all isolates could be found in Appendix 4. The results show that 
the majority of isolates in this study belonged to Lactobacillus plantarum, with 67.6% of all 
isolates, followed by Pedococcus pentosaceus (22.7%). A small number of isolates (9.3%) 
belonged to L. brevis and only one isolate was identified to be a L. farciminis. 
 
___________________________________________Chapter 3- Molecular diversity of native LAB 
88 
Table 3.3. Species identification of native LAB in nem chua 
Species Number of isolates % of isolates 
Lactobacillus plantarum 50 67.6 
Pediococcus pentosaceus 16 21.6 
Lactobacillus brevis 7 9.5 
Lactobacillus farciminis 1 1.4 
Total 74 100 
 
The distribution of the 74 LAB isolates is shown in Table 3.4. Majority of the L. 
plantarum isolates came from nem chua from the Northern region of Vietnam (72% of all 
L. plantarum isolates). Interestingly, the majority of P. pentosaceus isolates (62.5%) were 
isolated from nem chua in the Middle region of Vietnam. LAB from nem chua from the 
South were mostly L. plantarum. This could probably account for the differences in sensory 
characteristics of nem chua from different regions. Regarding the outlets, a rather even 
distribution of different species were found among different outlet types. 
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Table 3.4. The species distribution of LAB isolates in different regions and outlet 
types.  
The results are expressed as number of isolates and % of isolates (in parentheses). 
Distribution L. plantarum P. pentosaceus L. brevis L. farciminis Total 
Regions 
North 36 (72) 5 (31.3) 7 (100) 1 (100) 49 
Middle 2 (4) 10 (62.5) 0 0 12 
South 12 (24) 1 (6.2) 0 0 13 
Total 50 (100) 16 (100) 7 (100) 1 (100) 74 
Outlets Market 22 (44) 4 (25) 1 (14.3) 1 (100) 28 
 Supermarket 16 (32) 1 (6.2) 0 0 17 
 Others 12 (24) 11 (68.8) 6 (85.7) 0 29 
 Total 50 (100) 16 (100) 7 (100) 1 (100) 74 
 
3.3.2. The molecular diversity of LAB in nem chua 
All LAB isolates used in this study were typable, and yielded several different 
patterns of bands, ranging from three to 22 bands in PFGE patterns or ten to 16 bands in 
rep-PCR patterns. The GelCompar II software was used to produce dendrograms for the 
isolates from the same species in order to evaluate the molecular diversity within the 
species. The dendrograms were simplified based on clustering of profiles with more than 
75% similarity. The clusters are indicated with roman numerals (I to XII) and the positions 
of ungrouped isolates are indicated in the simplified dendrograms. 
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3.3.2.1. Lactobacillus plantarum in nem chua 
The simplified dendrograms for PFGE patterns of 50 L. plantarum isolates generated 
by GelCompar II are presented in Figure 3.2 with detailed dendrograms in Appendix A5.1. 
Cluster analysis allowed delineation of ten PFGE clusters with 7 isolates not belonging to 
any clusters and remaining ungrouped. There was a rather even distribution of PFGE 
patterns among 50 L. plantarum isolates, with pattern of cluster IV being the most 
common, present in 20% of isolates (Table 3.5). Clusters I and II appeared to be different to 
other clusters (only 16.9% similarity), having six bands in their patterns. Patterns of clusters 
III to X had 15 – 22 bands and shared 4-10 band differences (Figure 3.3). Based on the 
classification criteria suggested by Tenover et al. (1995), three pairs of isolates are 
identical, i.e. 45 and 46, 41 and 32 (both from cluster I), 67 and 68 (cluster V). The isolates 
within clusters are “closely related” and isolates from different clusters are classified as 
“possibly related” or “different”, based on their number of fragments differences (Tenover 
et al., 1995). As shown in Table 3.5, the patterns were distributed rather evenly among 
different outlet types of nem chua though the majority of patterns were from L. plantarum 
in Northern nem chua. 
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Figure 3.2. Simplified dendrogram for PFGE patterns of Lactobacillus plantarum 
isolates obtained using UPGMA.  
Clustering is based on 75% similarity. Seven isolates did not belong to any clusters. 
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Table 3.5. Cluster analysis of PFGE patterns of Lactobacillus plantarum isolates 
(n=50) using the UPGMA with seven isolates not belonging to any clusters 
Clusters/ 
isolates 
Similarity 
(%) 
No of 
isolates 
Location Outlet 
North Middle South Market Supermarket Others
I 84.5 5 2 1 2 1 1 3 
II 83.3 2  1 1 1  1 
III 82.4 5 4  1 3 2  
IV 75.1 10 7  3 4 3 3 
V 77.2 6 5  1 4 2  
VI 81.6 3 2  1 1 1 1 
VII 80.0 2 2   1  1 
VIII 83.9 2 2    2  
IX * 77.6 5 2  3 1 2 2 
X 75.4 3 3   3   
22 -- -- 1     1 
50 -- -- 1   1   
4 -- -- 1     1 
36 -- -- 1    1  
15 -- -- 1   1   
64 -- -- 1    1  
60 -- -- 1    1  
* includes L. plantarum B21 
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Figure 3.3. Representations of PFGE patterns of L. plantarum isolates from clusters I 
to X 
L: lambda ladder PFG marker (New England Biolabs) 
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Clustering analysis of rep-PCR patterns yielded six clusters and six ungrouped 
isolates (Figure 3.4). The patterns had ten to fourteen bands (Figure 3.5), with pattern II 
being the most common among all L. plantarum isolates, found in 46% of isolates (Table 
3.6). The discriminatory power of rep-PCR appeared to be lower compared to PFGE, with 
higher % similarity among clusters. The isolates 4 and 5, 3 and 6, 44 and 45, 46, 48, 38 and 
50 from cluster II were identical according to the criteria by Tenover et al. (1995). Similar 
to PFGE, the even distribution of rep-PCR patterns among different outlet types was 
observed, though most isolates derived from Northern nem chua (Table 3.6).
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Figure 3.4. Simplified dendrogram for rep-PCR patterns of Lactobacillus plantarum 
isolates obtained using the UPGMA.  
Clustering is based on 75% similarity. Seven isolates did not belong to any clusters. 
___________________________________________Chapter 3- Molecular diversity of native LAB 
96 
Table 3.6. Cluster analysis of rep-PCR patterns of Lactobacillus plantarum isolates 
using the UPGMA with six isolates not belonging to any clusters 
Clusters/ 
isolates 
Similarity 
(%) 
No of 
isolates 
Location Outlet 
North Middle South Market Supermarket Retail 
I * 80.0 2 2    2  
II ** 75.7 23 17 1 5 13 2 8 
III 76.1 6 6   3 3  
IV 76.8 6 1  5  6  
V 77.5 5 5   3  2 
VI 80.0 2 1  1  1 1 
65 -- -- 1    1  
51 -- -- 1   1   
55 -- -- 1   1   
39 -- --   1   1 
60 -- -- 1    1  
73 -- -- 1   1   
* includes L. plantarum A17 
** includes L. plantarum B21 
 
 
 
___________________________________________Chapter 3- Molecular diversity of native LAB 
97 
 
 
 
 
 
 
 
 
 
 
Figure 3.5. Representations of rep-PCR patterns of L. plantarum isolates from clusters 
I to VI 
L: Lambda DNA PstI ladder (Invitrogen)  
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3.3.2.2. Pediococcus pentosaceus in nem chua 
Cluster analysis of PFGE patterns of P. pentosaceus isolates revealed four clusters 
and three ungrouped isolates (Figure 3.6). The most common pattern is found in cluster II, 
present in 37.5% of isolates (Table 3.7). PFGE of P. pentosaceus resulted in fewer DNA 
fragments compared to L. plantarum, with three to six bands as in clusters I − III, except 
cluster IV with 17 bands (Figure 3.7). Based on PFGE profiles, the isolates 25, 29, 31 and 
35, 19 and 24 (cluster II), 47 and 33 (cluster III), 27 and 28 (cluster IV) are identical 
(Tenover et al., 1995). Rep-PCR of P. pentosaceus showed higher similarity among 
isolates, resulting in only one cluster (68.8% of isolates), as shown in Figure 3.6. The 
pattern of this cluster contains 13 bands (Figure 3.7). However, rep-PCR profiles allow 
classification of the isolates 28 and 29, 24, 25, 27 and 30 as identical. The majority of P. 
pentosaceus isolates was from nem chua in the Middle of Vietnam and distributed in nem 
chua purchased from other outlet types besides markets and supermarkets. 
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Figure 3.6. Dendrograms for (a) PFGE and (b) rep-PCR patterns of Pediococcus 
pentosaceus isolates obtained using the UPGMA.  
Clustering is based on 75% similarity. Six isolates did not belong to any clusters. 
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Table 3.7. Cluster analysis of PFGE and rep-PCR patterns of Pediococcus pentosaceus 
isolates using the UPGMA including the isolates not belonging to any clusters 
Clusters/ 
isolates 
Similarity 
(%) 
No of 
isolates 
Location Outlet 
North Middle South Market Supermarket Others 
PFGE profiles 
I 76.9 2 1  1 1  1 
II 85.7 6 1 5  1  5 
III 92.3 2 1 1  2   
IV 86.2 3  3    3 
42 -- --   1   1 
30 -- --  1    1 
62 -- -- 1    1  
Rep-PCR profiles 
I 82.5 11 2 8 1 1  10 
35 -- --  1  1   
42 -- --   1   1 
47 -- -- 1   1   
62 -- -- 1    1  
63 -- -- 1    1  
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Figure 3.7. Representations of (a) PFGE and (b) rep-PCR patterns of Pediococcus 
pentosaceus isolates  
L1: lambda ladder PFG marker (New England Biolabs) 
L2: Lambda DNA PstI ladder (Invitrogen)  
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3.3.2.3. Lactobacillus brevis in nem chua 
All L. brevis isolates yielded rather similar rep-PCR patterns with only two clusters 
generated (Figure 3.8), present in 71.5% (pattern I) and 28.5% (pattern II) of all isolates 
(Table 3.8). PFGE patterns, on the other hand, were more discriminatory with three clusters 
with one ungrouped isolate (Figure 3.8). All of L. brevis isolates were from Northern nem 
chua and most of them (85.7%) were purchased from other outlet types besides markets and 
supermarkets. 
 
 
 
 
 
 
 
Figure 3.8. Dendrograms for (a) PFGE and (b) rep-PCR patterns of Pediococcus 
pentosaceus isolates obtained using the UPGMA. 
Clustering is based on 75% similarity. Six isolates did not belong to any clusters. 
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Table 3.8. Cluster analysis of PFGE and rep-PCR patterns of Lactobacillus brevis 
isolates using the UPGMA and the isolates not belonging to any clusters 
Clusters/ 
isolates 
Similarity 
(%) 
No of 
isolates 
Location Outlet 
North Middle South Market Supermarket Others
PFGE profiles 
I 86.4 2 2     2 
II 100 2 2     2 
III 78.3 2 2   1  1 
9 -- -- 1     1 
Rep-PCR profiles 
I 87.9 5 5   2  3 
II 100 2 2     2 
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Figure 3.9. Representations of (a) PFGE and (b) rep-PCR patterns of Lactobacillus 
brevis isolates  
L1: PFG Lambda ladder 
L2: Lambda DNA PstI ladder (Invitrogen) 
 
 II 
(a) 
I II III L1 
 
 
 
 
339.5 
291.0 
 
242.5 
 
194.0 
 
 
145.5 
 
 
97.0 
 
 
 
48.5 
(b) 
I   L2 
 
11501 
 
5077 
4507 
 
2838 
2443 
2140 
1986 
1700 
 
1159 
1093 
805 
514 
468 
448 
339 
264 
247 
___________________________________________Chapter 3- Molecular diversity of native LAB 
105 
3.4. Discussion 
The results of this study show the predominance of the species L. plantarum and P. 
pentosaceus in the native microflora of nem chua, as shown in Table 3.3. This observation 
is expected because it has been generally accepted that the major LAB involved in lactic 
acid fermentation are located in three main genera, namely Lactobacillus, Pediococcus and 
Leuconostoc (Axelsson, 2004, Demeyer, 2004). The species L. plantarum, P. pentosaceus, 
L. brevis and L. farciminus were found to be commonly associated with meat products as 
the natural inhabitant (Holzapfel, 1998). Their natural presence in many fermented meat 
products has resulted in their use as starter cultures in industrial production (Bamforth, 
2005). More specifically, due to their metabolic diversity and tolerance for low pH 
conditions, these species usually become predominant at the end of the fermentation 
process and replace the less acid-tolerant heterofermentative LAB which mainly initiate 
fermentation but begin to decline as the pH decreases (Toldra et al., 2001, Plengvidhya et 
al., 2007, Hammes et al., 2003, Li, 2004). L. plantarum and P. pentosaceus have also been 
commonly found in fermented sausages with high fermentation temperature (≥ 25oC) like 
nem chua (Toldra et al., 2001, Sakhare and Rao, 2003). The predominance of L. plantarum, 
P. pentosaceus and L. brevis in other fermented products have also been reported, for 
example sauerkraut (Plengvidhya et al., 2007), fermented vegetables (Tamang et al., 2005) 
and fermented cassava (Kostinek et al., 2007). 
In this study, the majority of the L. plantarum isolates came from nem chua from the 
North while the majority of P. pentosaceus isolates were isolated from nem chua in the 
Middle region of Vietnam, as highlighted in Table 3.4. Though there is no direct evidence 
of the relationship between the molecular diversity and product sensory characteristics, this 
distribution could possibly play an important role in deciding the typical characteristics of 
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nem chua from different regions. The factors that modulate this distribution could be the 
product formulation, back-slopping, processing methods and practices, etc.  
The molecular characterization of LAB isolates using PFGE and rep-PCR typing 
methods, as presented in Figures 3.2, 3.4, 3.6 and 3.8, demonstrated a great genetic 
plasticity within the same species, especially L. plantarum. Lactobacillus is widely 
recognized as being phylogenetically very heterogeneous, which is evidenced by the broad 
range of 32 − 53% GC values within the genus (Adams and Moss, 2008). L. plantarum was 
found to have a significantly larger genome at 3.3 Mb compared to other LAB, which is 
relatively uniform at 1.8 – 2.6 Mb (Siezen et al., 2004). The genetic variability within L. 
plantarum as demonstrated in this study has also been observed by Molin (2003) and 
Kleerebezem et al. (2003). This observation could be explained by the obvious regions of 
genotypic variance in L. plantarum genomes such as prophages and IS elements and other 
regions with functions in biosynthesis (such as plantaricin, non-ribosomal peptides or 
exopolysaccharides), which vary between strains (Siezen et al., 2004). Kleerebezem et al. 
(2003), who had successfully sequenced the whole genome of L. plantarum, also added that 
in many cases, highly variable regions correlated with a high base-deviation index of the 
same region, relative to the entire chromosome, suggestive of recent horizontal gene 
transfer. A high degree of genetic heterogeneity was observed in the 200 kb region 
encoding mainly genes involved in sugar metabolism, supporting the previous hypothesis 
that this region displays genome plasticity and represents a life-style adaptation island 
(Kleerebezem et al., 2003).  
In this study, rep-PCR and PFGE were used to differentiate the LAB isolates to strain 
level. Some isolates derived from the same nem chua sample produced highly similar 
patterns with 90 – 100% similarity, suggesting that they were in fact the same strains 
___________________________________________Chapter 3- Molecular diversity of native LAB 
107 
according to the interpreting criteria given by Tenover et al. (1995). Some such examples 
are PFGE patterns of isolates 11, 12 or 27, 28 (100% similarity), and rep-PCR patterns of 
isolates 4, 5 or 67, 68 or 18, 19 (100% similarity). The two methods were also found to 
produce relatively comparable results; for instance both methods defining isolates 11, 12 or 
25, 29 to be identical. However, this study demonstrated higher discriminatory power of 
PFGE than rep-PCR, as observed by the higher number of clusters generated. This 
observation is similar to the findings by many other authors (Hyytiä-Trees et al., 1999, 
Bouton et al., 2002, Tenover et al., 1995, Spigaglia and Mastrantonio, 2003, Coeuret et al., 
2003, McCartney et al., 1996). The difference could be explained by the different 
exploitation of DNA polymorphism (the whole DNA chromosome for PFGE, and region 
amplified by primers for rep-PCR). Tenover et al. (1995) also added that random genetic 
events, including point mutations and insertions and deletions of DNA could alter PFGE 
patterns while unnecessarily do rep-PCR patterns.  
This is the first detailed analysis of the native LAB populations in nem chua. Similar 
works have been conducted on other fermented meat products and reported in the literature 
(Rantsiou et al., 2006, Aquilanti et al., 2007, Kostinek et al., 2007, Rantsiou et al., 2005a, 
Urso et al., 2006). The use of PFGE and rep-PCR methods had also proven to be successful 
for typing of LAB in other fermented products such as cheese (Bouton et al., 2002) and 
vacuum-packed meat (Hyytiä-Trees et al., 1999). Despite the limited number of isolates 
that could be analyzed, this study gives a picture at some level about the molecular diversity 
of the native LAB in nem chua. This study is also the first attempt to explain the variation 
among nem chua from different regions of Vietnam from the microbiological aspect. 
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3.5. Conclusion 
This Chapter described the native LAB population of nem chua in Vietnam, with the 
predominance of the species L. plantarum and P. pentosaceous. However, the great genetic 
variation was also observed among the isolates within the same species. This variation 
could partly account for the great diversity in product sensory characteristics among nem 
chua from different producers and regions of Vietnam. One of the objectives is whether any 
of these native LAB could potentially be used as starter culture for nem chua. Therefore, 
the next Chapter will focus on the isolation and screening of LAB from the native LAB 
population of nem chua with the potential use as starter culture. 
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CHAPTER 4- ISOLATION OF PROTECTIVE STARTER CULTURE 
FOR NEM CHUA 
4.1. Introduction 
In Vietnam, the use of natural fermentation or back-slop in making nem chua is still 
the most common practice. Natural or spontaneous fermentation is the process initiated 
without the use of a starter culture and the bacteria best adapted to the food substrate and 
technical control parameters eventually dominate the process (Holzapfel, 2002). Back-
slopping, on the other hand, employs a small amount of nem chua from a previous 
successful batch as the starter for the fermentation of a new batch. Through this practice of 
back-slopping, the initial phase of the fermentation process is shortened and the risk of 
fermentation failure is reduced. In both natural fermentation and back-slopping, the 
outcome of fermentation typically depends on the competitive activities of a variety of 
contaminating microorganisms (Holzapfel, 2002). These practices thus could involve safety 
risks due to the contamination in raw materials, physiologically inactive back-slop, and the 
transmissions of unwanted microorganisms among batches or lead to fermentations which 
are unreliable and difficult to control (Australia New Zealand Food Authority, 1996). 
Kimaryo et al. (2000) also demonstrated that natural fermentation and the use of back-slop 
resulted in slower fermentation and products with poorer quality and shorter shelf-life 
compared to the use of starter culture. Therefore, natural fermentation and the repeated use 
of back-slop is no longer allowed in some countries including Australia (Australia New 
Zealand Food Authority, 1996) or not recommended for use in many others such as Canada 
(Canadian Food Inspection Agency, 1997).  
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Therefore, it is imperative for Vietnamese nem chua producers to shift from natural 
fermentation or back-slopping to the use of starter culture. To avoid adverse effects on 
product sensory characteristics, the starter culture is usually isolated and screened among 
the product native microflora (Vermeiren et al., 2004). The aim of this chapter, therefore, 
was to isolate and select LAB from nem chua that exhibit antagonistic ability for the 
potential use as starter culture for nem chua fermentation. The LAB from nem chua were 
isolated based on their acidifying ability and the ability to produce antimicrobial compound 
other than acids. The two LAB with the strongest and broadest antimicrobial spectra were 
selected and identified. 
4.2. Materials and methods 
4.2.1. Nem chua samples 
Thirty ready-to-eat nem chua samples were purchased from January to May 2008 
from 30 various outlets (markets, supermarkets and other outlet types) in the North (Hanoi, 
Thanh Hoa), Middle (Hue, Nha Trang) and South (Hochiminh city, Thu Duc) of Vietnam. 
The samples were purchased when the fermentation process was considered completed 
based on labels or communicated verbally by the producers. The isolation of LAB was 
performed immediately after purchase. 
4.2.2. Isolation and screening of strong-acidifying LAB 
The method used for isolating LAB from nem chua based on their acidifying ability  
was adopted from Vermeiren et al. (2004). MRS agar with added CaCO3 (5 g/L) was used 
for the isolation of strong acidifying LAB. The acidifying ability of LAB isolates were 
measured by the extent of dissolution of CaCO3, which was visualised by the clear zone 
around the colonies. The nem chua samples were prepared, homogenized and diluted as 
_________________________________________Chapter 4- Isolation of protective starter culture 
111 
described in section 2.2.3.1. The appropriate diluents of nem chua samples were spread 
plated on MRS agar with added CaCO3 (5 g/L), incubated anaerobically at 30oC for two to 
three days and examined for a clear zone around the colony due to CaCO3 dissolution. 
Diameters of the clear zones Da (mm) and the colony diameters da (mm) were measured. 
Acidifying ratios (Da/da) indicated the level of acidification of the isolates. The four to five 
strongest-acidifying colonies, with the highest Da/da ratios, were selected from each nem 
chua sample. 
The strong-acidifying LAB isolates were further screened for their antagonisms 
towards indicator bacteria (Table 4.1) using an agar spot assay (4.2.2.1). The isolate 
showing the strongest antipathogenic ability with the largest zones of growth inhibition 
towards all indicators was selected. 
4.2.2.1. Agar spot assay 
The method was modified from Vermeiren et al. (2004). Five (5) µL of a 24-hour 
culture of test LAB strains were spot-inoculated onto the surface of MRS agar plates. After 
incubation at 30oC for 24 hours, the plates were overlaid with 10 mL of semisolid agar 
(0.7% w/v agar) seeded with a 24-hour culture of an indicator strain (0.5% v/v). The agars 
used were MRS for LAB indicators and LB for non-LAB indicators. The plates were 
incubated at 30oC for 18-24 hours. Zone of growth inhibition was calculated by subtracting 
the diameter of total inhibition zone (D) with colony diameter (d). Inhibition was recorded 
as negative if no zone (D-d < 1 mm) was observed around the colony.  
4.2.2.2. Well diffusion assay 
The method was modified from Papamanoli et al. (2003): The 24-hour culture of 
bacterial indicator in its respective broth (MRS broth for LAB and LB broth for others) 
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were mixed (0.5% v/v) with 20 mL of nutrient semisolid (0.7% w/v) agar at 47oC before 
being poured into a Petri dish. After solidification, wells were made using a sterile 9mm 
cork borer. Into these wells, the substrates for testing were added. The plates were held at 
4oC for eight hours, then incubated at 30oC and examined after 18-24 hours for zone of 
growth inhibition of the indicator bacterium. Zone of growth inhibition was calculated by 
subtracting the diameter of total inhibition zone (D) with well diameter (d = 9mm). 
Inhibition was recorded as negative if no zone (D-d<1mm) was observed around the agar 
well.  
Preparation of supernatant for well diffusion assay: 
The test strain of LAB was transferred from MRS slant into 5 mL of MRS broth and 
incubated overnight at 30oC. The culture was then centrifuged at 9,300 × g for 20 minutes. 
The supernatant was boiled for five minutes to eliminate all the viable cells and drive off 
volatile compounds including CO2 and H2O2 if produced. The supernatant was then 
neutralized to pH 6.5-7.0 using sterile 1N NaOH to eliminate the effects of acids where 
applicable. The cell free supernatants without pH neutralization were used as positive 
controls. 
4.2.3. Isolation and screening of LAB producing antimicrobial compounds other 
than acids 
The procedure for isolation of LAB producing antimicrobial compounds other than 
acids was modified from Suwanjinda et al. (2007). Appropriate diluents from nem chua 
were homogenized and diluted as described in 2.2.3.1., which was then spread-plated on 
MRS agar and incubated at 30oC for 24 hours. Plates with 20-200 colonies from each 
sample were overlaid with 10 mL semisolid MRS agar (0.7% w/v agar) seeded with 0.5% 
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(v/v) of 24-hour culture of Lactobacillus plantarum JCM 1149. The plates were then 
incubated at 30oC for 18 hours. Pinpoint colonies of putative LAB colonies with the largest 
inhibitory zones were  selected, purified and further screened using well diffusion assay 
(Section 4.2.2.2), in which the effects of organic acids and volatile compounds such as 
H2O2, CO2, were excluded. The isolate with strongest and broadest inhibitory spectrum 
indicators was selected. 
All LAB isolates selected were transferred to MRS broth or MRS plates for 
cultivation as working cultures, and stored long-term in MRS broth with 40% glycerol at    
-80oC. 
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Table 4.1. Bacterial indicator strains 
Bacterial indicators Sources 
LAB indicators 
Lactobacillus algilis JCM 1048 
Institute of Biological and Food Technology, Hanoi 
University of Technology 
Lactobacillus plantarum JCM 1149 As above 
Lactobacillus salivarius JCM 1230 As above 
Enterococcus faecium JCM 5804 As above 
Streptococcus thermophilus As above  
Non- LAB indicators 
Staphylococcus aureus ATCC 25923 As above 
Escherichia coli NC31 As above 
Escherichia coli K12TG1 Laboratoire de Microbiologie, Ensbana (Dijon, France)
Escherichia coli LCB320 As above 
Salmonella Enteritidis 446302 As above 
Salmonella Typhimurium 
Vietnam National Institute of Hygiene and 
Epidemiology (Hanoi, Vietnam) 
Listeria monocytogenes  Toulouse University (France) 
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4.2.4. Identification of selected LAB isolates 
The two selected LAB isolates were identified by their sugar fermentation reactions 
using API50 CHL test strips (Bio-Merieux) and 16s rDNA sequencing using methods 
described in Section 3.2.3.  
To avoid using clones of the same strain, the molecular fingerprints and intracellular 
protein profiles of the two isolates were compared to differentiate them to strain level. The 
molecular fingerprints were obtained by rep-PCR and PFGE methods (Section 3.2.4. and 
3.2.5., respectively). The intracellular protein profiles of the LAB isolates were obtained by 
Tris-glycine-SDS-PAGE 12% of cell lysates as described below: 
4.2.4.1. Bacterial cell lysis 
The bacterial cell lysates of LAB were obtained by ultrasonication. The bacteria were 
incubated in 10 mL of MRS broth at 30oC overnight and centrifuged at 3,300 × g for 20 
min. The cell pellets were resuspended in 200 µL of PBS buffer (pH 7.2). Cell lysis was 
performed using a sonicator (Branson Sonic Power Co., USA) with 15 shots of 20 s (total 5 
min) with 2 s off between shots. Cell suspension was held on ice during sonication. Cell 
debris was removed by centrifuging at 16,100 × g for 20 minutes at 4oC. The supernatant 
was used as cell lysate and stored at -20oC. 
4.2.4.2. Tris-glycine-SDS-PAGE 
The method was adopted from Laemmli (1970). The composition of the stacking and 
resolving gels are given in Table 4.2. The gel sandwich of the Mini-protean Tetra Cell 
System (Bio-Rad) with gel plates was assembled (Figure 4.1). The resolving gel solution 
was transferred to the gel sandwich using a pipette until it reached 1.5 cm from the top of 
the front plate. Distilled water was gently layered on top of the resolving gel solution to 
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keep the gel surface flat. After polymerization of the gel for one hour, the water was 
decanted and the stacking gel solution was added until the solution again reached the top of 
the front plate. The comb was then carefully inserted into the gel sandwich. After the gel 
was allowed to polymerize for 30 minutes, the comb was removed. The gel was placed into 
the Mini-Protean Tetra Cell system and the buffer(s) was added to both the inside and 
outside of the gel cassettes. The sample was prepared for loading by mixing four volumes 
of protein sample and one volume of 5× sample buffer in a microcentrifugal tube and 
heating at 100oC for three minutes. The mixture was centrifuged at 16,100 × g for one 
minute and the supernatant was loaded into wells with a syringe. Electrophoresis was 
conducted at constant 180 V for one hour. The gel after electrophoresis was stained with 
Coomassie blue stain overnight and then destained for two to four hours. 
 
Table 4.2. The composition of acrylamide mixtures to make two mini Tris-glycine-
SDS-PAGE gels 
Gel components (mL) Staking 
gels 
12% resolving 
gels 
dH2O 1.40 4.22 
40% (w/v) acrylamide mix 0.33 3.13 
1.5 M Tris, pH 8.8 -- 2.50 
1.0 M Tris, pH 6.8 0.20 -- 
10% (w/v) SDS 10% 0.02 0.10 
10% (w/v) APS 0.020 0.050 
TEMED 0.002 0.004 
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Figure 4.1. The Mini-Protean Tetra Cell (BioRad) 
Banana plug jacks 
Notch on U-shaped 
gasket 
Gel cassette 
Electrode assembly 
Lid 
Mini tank 
(b) 
(a) 
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(a) Gel casting frame and casting stand 
(b) Mini-Protean Tetra Cell system 
4.3. Results 
4.3.1. Isolation, screening and selection of LAB from nem chua 
A total of 105 strong acidifying LAB isolates from 30 different nem chua were 
selected. The acidifying ratios (Da/da) ranged from 1.6 to 2.9 (an example is shown in 
Figure 4.2a). Examination of antimicrobial ability of these 105 LAB isolates using agar 
spot assay (Figure 4.3a) showed that only 3/105 LAB (3%) could inhibit all 12 indicators 
(LAB and non-LAB). Ninety-nine (99) of 105 LAB (94%) exhibited inhibition towards all 
seven non-LAB indicators while 4/105 LAB (4%) could inhibit five non-LAB indicators, 
1/105 (1%) could inhibit three non-LAB indicators and 1/105 (1%) could inhibit only two 
non-LAB indicators. The zones of growth inhibition (D – d) ranged from 2 to 7 mm. 
Statistical analysis showed that there were significant differences (p < 0.05) in the 
acidifying ability of the LAB isolated from different nem chua producers. The difference 
was also significant in the inhibitory ability towards individual indicator of LAB from 
different nem chua producers (all p-values < 0.05). Isolate A17 was selected from among 
105 isolates for its strongest antimicrobial spectrum towards all indicators.  
Thirty-nine (39) isolates with inhibitory activity towards L. plantarum JCM 1149 
indicator were isolated (an example is shown in Figure 4.2b). Examination of 
antipathogenic ability of these 39 isolates (with the acids and other volatile compounds 
removed) using well diffusion assay (Figure 4.3b) showed 39/39 (100%) of isolates 
inhibiting all five LAB indicators and at least one non-LAB indicator while 9/39 isolates 
(23%) were capable of inhibiting all LAB and all non-LAB indicators. The diameters of 
growth inhibition zones (D – d) ranged from five to 23 mm. Similar to strong acidifying 
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LAB, statistical analyses showed significant differences among inhibitory ability towards 
individual indicators of LAB (all p-values <0.05). The isolate B21 was selected from the 39 
isolates for its strongest and broadest antimicrobial spectrum. 
The two selected isolates (A17 and B21) were further evaluated for their 
antimicrobial ability using well diffusion assay. The isolate A17, which exhibited strong 
antimicrobial ability towards all indicators in agar spot assay, lost its activity when the 
effects of organic acids and other volatile compounds were excluded in well diffusion 
assay. The activity of B21, on the other hand, still remained, as shown in Table 4.3. This 
suggested that unlike A17, the isolate B21 produced some antimicrobial compound other 
than organic acids, hydrogen peroxide or carbon dioxide. This observation will be 
investigated further in Chapter 5. 
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Figure 4.2. Examples of plates illustrating the isolation of LAB from nem chua. 
(a) MRS-CaCO3 for the isolation of strong acidifying LAB. The clear zones surrounding 
the colonies indicate dissolution of CaCO3 due to acid production; 
(b) MRS overlaid with L. plantarum JCM1149 for selecting LAB with antagonistic ability. 
The white and black arrows indicate examples of positive and negative colonies with or 
without a clear halo zone, respectively; 
(b) 
(a) Da
 da 
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Figure 4.3. Screening of LAB isolates for their antagonistic ability. 
(a) Agar spot assay using Lactobacillus salivarius JCM 1230 as the indicator 
(b) Well diffusion assay using E. coli K12TG1 as the indicator 
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Table 4.3. Inhibitory ability of L. plantarum A17 and B21 using well diffusion assay  
The results are expressed as diameters of zones of growth inhibition (D − d, mm). 
Indicator bacteria 
Cell free supernatant (pH 3.8)1 Cell free supernatant (pH 6.0)2
A17 B21 A17 B21 
L. algilis JCM 1048  0 13 0 12 
L. plantarum JCM 1149 0 14 0 24 
L. salivarius JCM 1230 0 14 0 24 
E. faecium JCM 5804 0 13 0 13 
S. thermophilus 0 13 0 13 
E. coli K12TG1 17 13 0 13 
E. coli LCB320 23 19 0 17 
E. coli NC31 22 17 0 17 
S. Typhimurium 9 10 0 10 
S. Enteritidis 446302 12 12 0 12 
S. aureus ATCC 25923 12 17 0 17 
L. monocytogenes 10 10 0 9 
1 without acid neutralisation 
2 with acid neutralisation and boiling of the CFS 
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4.3.2. Identification of the selected LAB  
The two selected LAB isolates (A17 and B21) produced round, smooth, opaque and 
white colonies with 1-2 mm diameter on MRS agar and appeared rod-shaped with 
approximately 1 µm diameter, 2-3 µm length under microscope (× 1000), as shown in 
Figure 4.4. Identification of the two selected LAB (A17 and B21) using API 50 CHL strips 
and 16s rDNA showed similar results in that both strains belonged to L. plantarum species 
(100% similarity). Their rep-PCR and PFGE molecular typing on the other hand showed 
more than five bands difference (Figure 4.5a and b), with the % similarity < 70% (see 
Appendix A5.1 and A5.2 for detailed dendrograms). Their intracellular protein profiles 
were also different (Figure 4.5c). Therefore, these two isolates are two different strains in 
the species of L. plantarum. 
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Figure 4.4. Colonial and microscopic morphology of L. plantarum A17 and B21.  
(a) Colonies of L. plantarum A17 and B21 on MRS agar (30oC/24h). Scale bar = 1 mm 
(b) Microscopic examination of L. plantarum A17 and B21 (x1000). Scale bar = 1 µm. 
(a) 
A17       B21 
(b) 
A17       B21 
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Figure 4.5. Differentitation of L. plantarum A17 and B21 based on their (a) rep-PCR 
profiles, (b) PFGE profiles and (c) intracellular protein profiles 
L1: Lambda DNA PstI ladder (Invitrogen)  
L2: Lambda ladder PFG marker (New England Biolabs) 
M: Pre-stained molecular mass marker (Invitrogen) 
 
    L1      A17       B21       L2        A17        B21  A17   B21     M 
        (a)    (b)      (c) 
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4.4. Discussion 
In this study LAB with antagonistic ability against common potential food pathogens 
were successfully isolated from nem chua. The isolation of LAB is based on the selection 
of colonies with typical characteristics on MRS agar. For strong-acidifying LAB, CaCO3 
was added to MRS agar to visualise the extent of acidifying ability of the colonies based on 
the clear zones due to CaCO3 dissolution. Calcium carbonate has been successfully added 
to isolation media to characterise LAB from foods based on their acid producing ability 
among native microflora. Some examples include the study by Onda et al. (2002) on 
Japanese Miso-paste and the work by Antara et al. (2002) on Balinese fermented sausages, 
who also added bromocresol purple to facilitate the observation of the clear zones. Vanos 
and Cox (1986) tried different isolation media to localize the acid-producing bacteria 
among the microbial population of yoghurt, cheese and salami, finding that the addition of 
CaCO3 resulted in the better distinction of high acid-producing colonies of the LAB. 
Similar finding was also demonstrated in the study by Vermeiren et al. (2004) on a wide 
variety of meat products including cooked, fermented, vacuum packaged or MA-packaged, 
sliced meat products.  
In order to isolate LAB producing antimicrobial compounds rather than acid among 
native LAB populations, it has been proven to be quick and effective to examine the LAB 
reactions with an acid-tolerant indicator bacterium (Suwanjinda et al., 2007, Todorov and 
Dicks, 2005, De Kwaadsteniet et al., 2005). Todorov and Dicks (2005) and De 
Kwaadsteniet et al. (2005) both used L. casei as the indicator in the overlay method and 
successfully isolated the bacteriocin-producing LAB from molasses and soybeans, 
respectively. L. plantarum, on the other hand, was used as the indicator in the study by 
Rattanachaikunsopon and Phumkhachorn (2006) and later by Suwanjinda et al. (2007) to 
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isolate bacteriocin-producing LAB from nham, a Thai fermented sausage similar to nem 
chua. L. plantarum JCM 1149, which was originally isolated from pickled cabbage, has 
also been successfully used in isolating LAB producing antimicrobial compounds other 
than acids from dairy products in our laboratory (unpublished data).  
In this study, two L. plantarum strains (A17 and B21) were selected among a total of 
144 LAB isolates for their strong and broad antimicrobial spectra towards both Gram-
positive and Gram-negative indicators with the inhibitory ability ranging from five to 23 
mm. Their antagonisms could be due to the production of various antimicrobial compounds 
including organic acids, hydrogen peroxide, carbon dioxide, ethanol, diacetyl and 
bacteriocins. (Carr et al., 2002, Holzapfel et al., 1995, Ouwehand and Vesterlund, 2004, De 
Vuyst and Leroy, 2007, Axelsson, 2004). In this study, when eliminating the effects of 
organic acids and volatile compounds including H2O2 and CO2, A17 lost its antimicrobial 
ability while B21 did not. This observation suggests the production of an antimicrobial 
compound known as bacteriocin by L. plantarum B21. This was investigated and discussed 
further in Chapter 5. 
To our knowledge, this is the first study that has successfully isolated L. plantarum 
with strong acidifying ability in addition to the ability to produce antimicrobial compounds 
other than acids for potential use as starter culture for nem chua. However, literature has 
reported the isolation of L. plantarum from other food products for use as starter culture. 
Garriga et al. (1993) isolated L. plantarum from Spanish-style fermented sausages and later 
applied it as starter culture in the same product (Garriga et al., 1996). Similar study on 
isolation and application of L. plantarum as starter culture in Balinese fermented sausages 
had also been conducted by Antara et al. (Antara et al., 2002, Antara et al., 2004). L. 
plantarum has also been isolated from other products such as Sardinian (Ortu et al., 2007) 
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and Kenya fermented milk (Mathara et al., 2004) and cooked meat (Vermeiren et al., 2004), 
for use as bioprotective starter culture. Commercial strains of L. plantarum have also been 
applied as starter culture in fermented sausages. For example, bacteriocin-producing L. 
plantarum 423 was used as a bioprotective starter culture for ostrich salami by Dicks, 
Mellett and Hoffman (2004) or beef, horse and mutton salami by Todorov et al. (2007a).  
However, further characterisation of the antagonistic ability of the two selected L. 
plantarum strains is needed. In particular, the isolation of strong-acidifying LAB based on 
MRS with added CaCO3 only allows the indication of acid production level but not the rate. 
The rate of acid production is also vital to the product safety as unless pH fall to <5.2 
within the first 12 hours of fermentation, pathogens may grow (Australia New Zealand 
Food Authority, 1996). Moreover, the bacteriocin producing ability of L. plantarum B21 
needed to be confirmed. These issues will be addressed in the next chapter. 
4.5. Conclusion 
Two different Lactobacillus plantarum strains, A17 and B21, have been successfully 
isolated from nem chua. Both strains demonstrated great potential for use as starter culture 
due to their strong and broad inhibitory spectra towards both Gram-positive and Gram-
negative indicator bacteria. Moreover, the strain L. plantarum B21 appears to produce an 
antimicrobial compound other than organic acids, which is likely to be a bacteriocin. The 
next Chapter will focus on confirming the bacteriocin production of L. plantarum B21 as 
well as further purification, identification and characterisation of the antimicrobial 
compound produced. 
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CHAPTER 5- CHARACTERIZATION OF ANTIMICROBIAL 
COMPOUND PRODUCED BY LACTOBACILLUS PLANTARUM B21 
 
5.1. Introduction 
LAB are known to produce a number of antimicrobial compounds including organic 
acids, carbon dioxide, hydrogen peroxide, diacetyl, ethanol and bacteriocin (Carr et al., 
2002, Holzapfel et al., 1995, Ouwehand and Vesterlund, 2004, De Vuyst and Leroy, 2007, 
Axelsson, 2004). Bacteriocins are defined as small ribosomally synthesized, membrane 
permeabilizing, cationic antimicrobial peptides (Ouwehand and Vesterlund, 2004, 
Axelsson, 2004). They have been reported in the literature to have the potential to inhibit 
other closely related LAB (Moll et al., 1999, Kelly et al., 1996, Powell et al., 2007), Gram-
positive pathogenic and spoilage bacteria (Jimenez-Diaz et al., 1993, Holo et al., 2001, 
Muller et al., 2009, Hernández et al., 2005) and, much more rarely, Gram-negative bacteria 
(Muller et al., 2009, Messi et al., 2001, Omar et al., 2008, Gong et al., 2009). With the 
rising awareness of consumers and food scientists towards antibiotic resistance, the use of 
natural preservatives such as bacteriocins has gained increasing interest.  
The strain L. plantarum B21 isolated from nem chua has been demonstrated to be 
antagonistic towards both Gram-positive and Gram-negative indicators even when the 
inhibitory effects of organic acids and carbon dioxide were eliminated, as reported in 
Chapter 4. In view of this, it was suspected that L. plantarum B21 strain may be able to 
produce bacteriocin. Therefore the aim of this chapter was to identify the antimicrobial 
compound produced by L. plantarum B21, isolated from nem chua. In order to prove that 
the antimicrobial compound was bacteriocin, by definition, its proteinaceous nature needed 
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to be confirmed. In addition, the bacteriocin produced was characterised with regards to its 
molecular weight, heat and pH stability. 
5.2. Materials and methods 
5.2.1. Crude antimicrobial preparation 
A crude antimicrobial preparation (CAP) was produced using the method modified 
from ten Brink et al. (1994). In brief, a colony of L. plantarum B21 was inoculated in 50 
mL of MRS broth and incubated at 30oC for 18 hours. The cell-free supernatant (CFS) was 
collected after centrifuging the cultural broth at 5,445 × g for 15 minutes. After filtering 
through 0.20 µm filters, the CFS was mixed throuroughly with the same volume (50 mL) of 
n-butanol. The mixture was centrifuged at 8,119 × g, 10oC for 1 hour and both layers, i.e. 
upper (butanol extract or organic phase) and lower (aqueous phase) were collected. Both 
layers were frozen using liquid nitrogen and subjected to freeze-drying (Dynavac FD12 
freeze-drier, Australia) to remove water and butanol. The freeze-drying took from one to 
two days. The collected substrate of each layer was reconstituted in 10 mL of PBS (pH 7.2). 
To remove dissolved salts and acids, the substrate from each layer was dialysed in PBS 
using 1K cellulosic ester membrane at 4oC for 36 hours with four buffer changes (2.5 L 
each). The collected extract from each layer (about 20-25 mL) was concentrated back to 10 
mL using 1K Microsept centrifugal devices. The extracts after concentration were referred 
to as CAP.  
During preparation, the presence of antimicrobial compound at different phases and 
stages were evaluated. The organic (upper) and aqueous (lower) phases after reconstitution 
in PBS (so-called U1 and L1, respectively), after dialysis (U2 and L2) and after 
concentration (U3 and L3) were each tested for its inhibitory ability towards L. plantarum 
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JCM 1149. The protein concentrations were also measured at different phases and stages 
using Bradford method (Section 5.2.2). The antimicrobial ability of CAP was tested against 
both Gram-negative and positive bacteria (Table 4.1) using well diffusion assay (Section 
4.2.2.2). As L. plantarum JCM 1149 and L. salivarius JCM 1230 were shown to be the two 
most sensitive strains, these two strains were selected for use as indicators. 
5.2.2. Protein concentration determination 
The protein concentration is determined using Bradford assay (Bradford, 1976). The 
BSA standards were set up using standard albumin solution (1 mg/mL) with 0.15 M NaCl, 
as shown in Table 5.1. The sample was diluted to 100 µL with 0.15M NaCl, to which 900 
µL Coomassie blue reagent was added, mixed thoroughly and stood for two minutes at 
room temperature (20oC). Aliquots of 200 µL of the solution was prepared in 96-well 
microtitre plates and read on ELISA reader (MR 7000, Dynatech, Germany) at 600 nm. The 
protein concentration of the diluted sample was determined by comparison with standard 
curve of BSA standard solution.  
 
Table 5.1. BSA standards for protein determination by Bradford assay 
µL S1 (blank) S2 S3 S4 S5 S6 S7 S8 
BSA (1 mg/mL) 0 3 6 9 12 15 18 21 
0.15M NaCl 100 97 94 91 88 85 82 79 
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5.2.3. Proteinaceous nature of antimicrobial compound in CAP 
In order to prove the proteinaceous nature of antimicrobial compound in CAP, the 
effects of proteolytic enzymes (proteinase K, trypsin, pepsin and papain), lipase and 
catalase on the antagonistic ability of CAP were investigated. The method was adopted 
from Omar et al. (2006): LB plates seeded with 24-hour cultures of indicator strain (L. 
plantarum JCM 1149 or L. salivarius JCM 1230) were prepared as described in Section 
4.2.2.2. A series of 8-mm diameter wells were aseptically made on the plates. Into each of 
these wells, 100 µL of the CAP was added. Three mm from the edge of each well, a series 
of holes, 2 mm in diameter, were aseptically cut. A 10 µL aliquot of 10 mg/mL enzyme 
(proteinase K, trypsin, pepsin, papain, lipase and catalase) was transferred into each hole 
using a pipette. The plates were then allowed to stand at room temperature for two hours for 
enzyme diffusion and reaction. The positive control was the CAP without adjacent hole 
with added enzyme. The negative controls are the enzyme solutions alone incubated under 
the same condition. After incubation at 30oC for approximately 16 hours, the shape of 
inhibition zones was observed. An even annular radius indicated that the antimicrobial 
compound in CAP was resistant to the test enzyme. An irregular shaped annular radius 
(reduction of the diameter close to the enzyme spot) indicated that the antimicrobial 
compound in CAP was sensitive to the enzyme. 
5.2.4. Effects of pH and temperature on antimicrobial activity of CAP 
The effects of pH and temperature on the antagonistic ability of CAP were tested 
using the method adopted from ten Brink et al. (1994): The CAP was treated by adjusting 
the pH values from 3.0 to 10.0 in increments of one pH unit using sterile 1 N NaOH or 1 N 
HCl. The pH-adjusted CAP was incubated at one of the following conditions: 37oC for two 
hours, 37oC for 24 hours, 90oC for 20 minutes and 121oC for 15 minutes. The treated CAP 
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was then tested for antagonistic ability towards L. plantarum JCM 1149 using well 
diffusion assay (Section 4.2.2.2). The untreated CAP (pH 7.2) was used as the control. 
5.2.5. Molecular weight of antimicrobial compound in CAP 
The CAP was subjected to electrophoresis on a tricine-SDS-PAGE gel 16%. The 
composition of acrylamide gels for tricine-SDS-PAGE is shown in Table 5.2 and the 
methodology is described in Section 4.2.4.2. Cathode buffer for electrophoresis (inside the 
gel cassettes as shown in Figure 4.1) consisted of 0.1 M Tris, 0.1 M Tricine, and 0.1% 
(w/v) SDS. Anode buffer (outside the gel cassettes, in the tank) consisted of 0.2 M Tris-
HCl, pH 8.9. The CAP was electrophoresised at constant 25 mA for 3.5 hours. Pre-stained 
molecular-mass marker (Invitrogen) was used. 
After electrophoresis, the gel was cut into halves. One half was stained in Coomassie 
blue stain overnight and destained in destaining solution for two to four hours. The other 
half was fixed using fixing solution (20% (v/v) isopropanol and 10% (v/v) acetic acid in 
Milli-Q water) for two hours and then washed with distilled water for four hours. The 
washed gel was placed on 10 mL MRS soft agar (0.7% w/v agar) seeded with indicator 
(0.5% v/v) and overlaid with another 10 mL of the same seeded soft agar. Indicator bacteria 
used as sensitive strains were L. plantarum JCM 1149 and L. salivarius JCM 1230. The 
zone of growth inhibition on the gel indicated the position of the antimicrobial peptide and 
was compared with the Coomassie stained gel to identify the relative molecular weight of 
the peptide. 
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Table 5.2. The composition of acrylamide mixtures to make two mini Tricine- SDS-
PAGE gels  
Gel components (mL) Stacking 
gels 
16% resolving 
gels 
dH2O 1.10 1.56 
40% (w/v) acrylamide mix 0.270 4.000 
3 M Tris-HCl/SDS, pH 8.9 0.620 3.330 
Glycerol -- 1.06 
10% (w/v) APS 0.010 0.050 
TEMED 0.002 0.005 
 
5.3. Results 
5.3.1. Crude antimicrobial preparation 
The inhibitory ability and protein concentrations of organic and aqueous substrates of 
the CAP collected are illustrated in Figure 5.1. and Table 5.3, respectively. The results 
showed that the aqueous phase (lower layer) did not exhibit any inhibitory ability and 
contained much lower protein concentration compared to the organic phase. In other words, 
the extraction of antimicrobial compound in CAP using n-butanol resulted in its removal 
from the aqueous phase to the organic phase. Therefore, the term CAP from this point only 
refers to the crude antimicrobial preparation obtained from the organic phase (butanol 
extract). 
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Figure 5.1. Antimicrobial activity of organic and aqueous phases during extraction of 
antimicrobial compound produced by L. plantarum B21.  
L. plantarum JCM1149 was used as indicator in this picture. It can be seen that the 
antagonistic activity remained in the upper layer (organic phase) throughout the extraction 
and no inhibition was evident in the aqueous phase. 
U: Upper layer (organic phase) 
L: Lower layer (aqueous phase) 
1: After freeze-drying and 
reconstitution in PBS 
2: After dialysis 
3: After concentration 
C: Cell lysate 
 
U1 
U2 
U3 
C 
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Table 5.3. Protein concentrations of crude antimicrobial preparation by L. plantarum 
B21 
 
 
 
The modified preparation procedure employed had removed metabolites with 
antimicrobial ability other than bacteriocins: Freeze-drying removed the possibly present 
antimicrobial volatile compounds (such as carbon dioxide, hydrogen peroxide, diacetyl, 
ethanol and butanol) and dialysis removed the dissolved organic acids. The pH of CAP was 
7.2 and exhibited a strong and broad antimicrobial spectrum against all indicators used in 
this study, as shown in Table 5.4 with the illustrations in Figure 5.2.  
Protein concentration 
(µg/µL) 
Preparation step 
Organic phase Aqueous phase 
Freeze-drying (U1) 14 1.7 
Dialysis (U2) 0.42 0.10 
Concentration (U3) 3.4 0.20 
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Table 5.4. Antimicrobial ability of CAP 
Indicator bacteria Growth inhibition (D – d, mm) 
Gram-positives 
L. algilis JCM 1048 20 
L. plantarum JCM 1149 21 
L. salivarius JCM 1230 21 
E. faecium JCM 5804 19 
S. thermophilus 19 
S. aureus ATCC 25923 28 
L. monocytogenes TLU 21 
Gram-negatives 
E. coli K12TG1 21 
E. coli LCB320 23 
E. coli NC31 21 
S. Typhimurium 82/6915 22 
S. Enteritidis 446302 27 
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Figure 5.2. Picture illustrations of antimicrobial activity of CAP 
The indicators used were (a) E. coli NC31; (b) E. coli ATCC 25922; (c) E. coli LCB320; 
(d) S. Enteritidis 446302 and (e) S. Typhimurium 82/6915. Well diameter (d) = 8 mm. 
 
(a)         (b)     (c) 
(d)            (e) 
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5.3.2. Confirmation of bacteriocin production by L. plantarum B21 
As shown in Figure 5.3 and Table 5.5, the antimicrobial compound in CAP was 
inactivated after treatment with proteolytic enzymes (Proteinase K, trypsin, pepsin and 
papain) while treatment with non-proteolytic enzymes (lipase and catalase) did not result in 
loss of activity. These observations confirmed the proteinaceous nature of the antimicrobial 
compound in CAP and suggested that the antagonistic activity of CAP was due to the 
production of a bacteriocin. The bacteriocin produced by L. plantarum B21 was referred to 
as plantaricin B21.  
 
Table 5.5. Effects of enzymes on the inhibitory ability of CAP 
Enzymes Inhibitory activity * 
Proteinase K − 
Trypsin − 
Pepsin − 
Papain − 
Lipase + 
Catalase + 
Control ** + 
*: activity against L. plantarum JCM 1149; −: shapes of inhibitory zones changed 
after treatment with enzymes; +: no changes in shapes of inhibitory zones 
**: CAP without the adjacent hole of enzyme 
 
__________________________________Chapter 5- Characterization of antimicrobial compounds 
140 
 
 
 
 
 
 
 
 
 
Figure 5.3. Effects of enzymes on inhibitory activity of CAP.  
L. plantarum JCM1149 was used as the indicator in this picture. The changes in shapes of 
inhibitory zones reflect the effects of enzymes on the inhibitory activity of CAP, as 
observed in the cases of proteinase K, pepsin, trypsin and papain. This observation 
confirms the proteinaceous nature of the antimicrobial compound in CAP. 
 
CAP 
Pepsin 
Proteinase K 
Lipase 
Papain 
Trypsin 
Catalase 
Control 
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5.3.3. Characterisation of plantaricin B21 
Plantaricin B21 was found to be stable over a wide range of pH from 3.0 to 10.0, as 
shown in Table 5.6. It is moderately heat-stable: the activity was retained after incubating at 
37oC for 2 hours and 24 hours, and 90oC for 20 minutes. The activity was lost after 
sterilization (121oC for 15 minutes).  
 
Table 5.6. Effects of pH and temperature on inhibitory activity of CAP 
L. plantarum JCM 1149 was used as indicator. 
pH 37oC/2 h 37oC/24 h 90oC/20 min 121oC/15 min 
3.05 + + + − 
3.97 + + + − 
5.01 + + + − 
6.01 + + + − 
7.07 + + + − 
7.99 + + + − 
9.03 + + + − 
9.95 + + + − 
+ : The inhibitory activity remained after treatment 
− : The inhibitory activity was lost after treatment.  
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Examination of tricine-SDS-PAGE gel of CAP (the stained and overlaid halves) 
showed that inhibitory activity was associated with a protein band at apparent molecular 
weight of about 5.5 kDa, as illustrated in Figure 5.4. Similar results were found when using 
either L. salivarius JCM 1230 or L. plantarum JCM 1149 as indicator. Taking into account 
its antagonistic activity, protein nature, pH and heat resistance and low molecular weight, 
plantaricin B21 can be classified as a small, heat stable bacteriocin presumably belonging 
to class II according to the definition by Garneau et al. (2002). 
 
 
 
 
 
 
 
 
 
Figure 5.4. Tricine-SDS-PAGE (16%) analysis and detection of bacteriocin activity of 
the CAP from L. plantarum B21. 
 
      M     T1       M     T2 
Plantaricin B21 
(~ 5.5 kDa) 
7kDa 
 
4kDa 
M: pre-stained molecular-mass marker 
(Invitrogen) 
T1: the tricine-SDS-PAGE gel half which 
was stained with Coomassie blue  
T2: tricine-SDS-PAGE gel half which was 
fixed, washed and imbedded in MRS 
soft agar seeded with indicator 
bacterium. 
 
Inhibition of L. plantarum JCM1149 
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5.4. Discussion 
In this study, the bacteriocin produced by L. plantarum B21 was demonstrated to be 
inhibitory towards both Gram-positive and negative bacteria. There are numerous reports in 
the literature of bacteriocins produced by L. plantarum but generally, they tend to be 
inhibitory against only LAB (Moll et al., 1999, Kelly et al., 1996, Powell et al., 2007). 
Many bacteriocins produced by L. plantarum have also been demonstrated to inhibit other 
Gram-positive bacteria including bacilli, clostridia, enterococci, staphylococci and L. 
monocytogenes; for instance plantaricin S by L. plantarum C11 (Jimenez-Diaz et al., 1993), 
plantaricin W by L. plantarum LMG 2379 (Holo et al., 2001), plantaricin 423 (van Reenen 
et al., 1998), plantaricin LP31 (Muller et al., 2009), and plantaricin TF711 (Hernández et 
al., 2005). It is relatively rare for a bacteriocin produced by L. plantarum to be effective 
against Gram-negative bacteria including E. coli although it has been reported in the 
literature (Lash et al., 2005, Gong et al., 2009, Todorov and Dicks, 2005, Suma et al., 1998, 
Omar et al., 2006, Rattanachaikunsopon and Phumkhachorn, 2006).  
To our knowledge, this study is the first that has successfully isolated bacteriocin-
producing L. plantarum from nem chua. However, similar work has been done on other 
foods such as fermented gruel (Omar et al., 2006), fermented maize (Omar et al., 2008), 
beer (Todorov et al., 2004), molasses (Todorov and Dicks, 2005), fermented milk (Todorov 
et al., 2007b), fermented cream (Gong et al., 2009) and fermented rice and shrimp mixture 
(Elegado et al., 2004). Fermented sausages are also a common source for isolation of 
bacteriocin-producing L. plantarum, with examples shown in Table 5.7. Many of these 
bacteriocins were found to be inhibitory towards other LAB or Gram-positive bacteria only. 
Nevertheless, a L. plantarum strain producing broad antimicrobial spectrum bacteriocin 
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was isolated from nham, a Thai uncooked fermented sausage that is very similar to nem 
chua, in a study by Rattanachaikunsopon and Phumkhachorn (2006). 
Plantaricin B21 had good pH stability (pH 3.0 − 10.0) and moderate thermostability 
(up to 90oC for 20 minutes). Similar pH stability of bacteriocins by meat-borne L. 
plantarum have been reported in the literature (Kelly et al., 1996, Messi et al., 2001, 
Todorov and Dicks, 2006, Todorov et al., 2009, Todorov et al., 2007b, Gong et al., 2009, 
Tiwari and Srivastava, 2008, Hernández et al., 2005). Thermostability of plantaricin B21 is 
similar to plantaricin KW30 (Kelly et al., 1996), TF711 (Hernández et al., 2005) and other 
plantaricins (Todorov and Dicks, 2006, Todorov et al., 2009); though less heat stable than 
plantaricin ST28MS (Todorov and Dicks, 2005), AMA-K (Todorov et al., 2007b), MG 
(Gong et al., 2009), LP84 (Suma et al., 1998) and TF711 (Hernández et al., 2005), which 
remain active after sterilization (121oC/20 min).  
In this study, plantaricin B21 was partially purified by organic solvent extraction. n-
butanol was selected for the extraction as it proved to be suitable for extraction of 
bacteriocin from Lactobacillus spp. compared to other organic solvents including hexane, 
diethylether, chloroform, n-propanol, i-amylalcohol (ten Brink et al., 1994). When different 
alcohols were used in the extraction procedure, the bacteriocin was only partially removed 
from the aqueous phase. However, the use of n-butanol, as shown in Figure 5.1, resulted in 
a good recovery of bacteriocin in the organic extract. This suggests that at least part of the 
bacteriocin molecule has a hydrophobic characteristic. Therefore, the use of very apolar 
solvents such as hexane and di-ethylether did not result in the removal of bacteriocin from 
the aqueous phase. Chloroform, on the other hand, completely destroyed the activity of the 
bacteriocin. This finding is similar to the work by ten Brink et al. (1994), which also found 
that the use of n-butanol resulted in complete extraction of bacteriocin into the organic 
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phase. The hydrophobic characteristic of bacteriocin by L. plantarum has also been 
reported previously by other investigators (Maldonado et al., 2003, Ennahar et al., 2000). 
Further purification and characterization of this bacteriocin was recommended for 
future study on this subject. The purification protocols for bacteriocin tend to be 
cumbersome, which usually include extraction using organic solvents or inorganic salts 
such as ammonium sulphate, followed by various combinations of chromatographic steps, 
normally varying from two to three stages such as in the study by Maldonado et al. (2003). 
An optimized purification scheme has to be developed and optimized for each bacteriocin. 
For future study on plantaricin B21, mass spectrometry is strongly recommended to 
determine whether there is more than one peptide with similar molecular weight. 
Literature has reported the findings of bacteriocin from meat-borne L. plantarum with 
molecular weight < 10 kDa. Examples of these bacteriocins are provided in Table 5.7. 
Taking into account its antagonistic activity, proteinaceous nature, pH and heat stability and 
low molecular weight, plantaricin B21 can be classified as a small, heat stable bacteriocin 
presumably belonging to class II. Further investigations should be conducted to identify the 
amino acid composition and structure of plantaricin B21. 
In view of its interesting characteristics, plantaricin B21 has an application potential 
as a natural preservative. Its strong and broad inhibitory spectrum makes it very promising 
in controlling common bacterial contamination in fermented meats such as nem chua. The 
thermostability of plantaricin B21 extends its application to other pasteurised products. Its 
stability over a wide range of pH suggests the application on acid as well as non-acid foods.  
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Table 5.7. Examples of bacteriocins produced by L. plantarum isolated from fermented sausages 
Bacteriocin Classa MW (Da) 
No of 
amino 
acids b 
Antimicrobial spectra 
References 
Gram-positive c Gram-negative 
Unnamed nd 1558 nr Pseudomonas spp., Bacillus spp., 
S. aureus,  L. monocytogenes 
None Muller et al., 2009 
Plantaricin D nd ~3000 63 C. tyrobutyrium, L. 
monocytogenes, L. innocua, S. 
carnosus 
None Aymerich et al., 2000 
Unnamed nd 3500 nr K. pneumoniae, L. innocua, L. 
monocyotgenes, S. aureus, 
E. coli Todorov et al., 2009 
Plantaricin 423 nd 3500 nr B. cereus, C. sporogenes, L. 
monocytogenes, L. innocua, S. 
carnosum 
None van Reenen et al., 1998; 
Verellen et al., 1998;  
Plantaricin 35d IIa 4500 nr Bacillus spp., S. aureus,  L. 
monocytogenes 
Aeromonas hydrophila Messi et al., 2001 
Plantaricin 
NO14 
nd 8000 nr Bacillus spp., S. aureus, L. 
monocytogenes, P. Aerugonisa 
E. coli, Shigella dysenteriae Rattanachaikunsopon and 
Phumkhachorn, 2006 
Plantaricin 
ST216Ch 
nd 10,000 nr K. pneumoniae, L. innocua, L. 
monocyotgenes, S. aureus 
E. coli Todorov et al., 2009 
Plantaricin B21 II 5500 nr S. aureus, L. monocytogenes E. coli, S. Typhimurium, S. 
Enteritidis 
Current study 
a nd: not defined by the authors 
b nr: not reported 
c not including LAB 
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5.5. Conclusion 
Our study had successfully proven the production of a bacteriocin (plantaricin B21)  
by L. plantarum B21. This bacteriocin has hydrophobic characteristic, proteinaceous 
nature, strong antimicrobial ability towards both Gram-positive and Gram-negative 
indicators, good pH stability (from 3.0 – 10.0), moderate thermostability (up to 90oC/20 
min) and apparent molecular weight of around 5.5 kDa. Both bacteriocin-producer culture 
(L. plantarum B21) and its bacteriocin (plantaricin B21) thus have a great potential for use 
as natural preservative in nem chua as well as other acid, non-acid and pasteurised food 
products. It is thus important to evaluate the direct antagonisms of this bacterium towards 
indicator bacteria in vitro and in situ and compare with the non-bacteriocin-producing, 
strong-acidifying L. plantarum A17. These two strains also needed to be validated with 
regards to the regulatory requirements for uncooked fermented meat starter culture. This 
study is reported in the next Chapter. 
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CHAPTER 6- EVALUATION OF THE DIRECT ANTAGONISM OF L. 
PLANTARUM A17 AND B21 USING E. COLI AS AN INDICATOR 
 
6.1. Introduction 
It is imperative to develop a starter culture for nem chua fermentation to improve its 
safety and quality. The two L. plantarum strains isolated from nem chua in the course of 
this project, which demonstrated strong and broad antimicrobial spectra, have a great 
potential for use as starter culture for nem chua. However, these strains had to be validated 
to ensure their compliance to the regulatory requirements before they could be applied as 
starter culture (Australia New Zealand Food Authority, 1996). Australia New Zealand Food 
Authority (1996) specified that the starter culture selected should contain a preparation of 
microorganisms which (1) successfully competes with other microorganisms for the 
nutrients; (2) produces microbial inhibitors; (3) is microbiologically safe; (4) produces a 
rapid, controlled reduction of the pH; and (5) has good stability under the processing 
conditions. It is also required by ANZFA Food Standards Code that the starter culture is 
capable of achieving at least 3-log reduction of E. coli or E. coli load in the final product of 
less than 10 CFU/g in microbial challenge study (Food Standards Australia New Zealand, 
2003, Food Standards Australia New Zealand, 2002b).  
It is therefore important to conduct microbial challenge studies in nem chua for the 
two strains of L. plantarum A17 and B21 against E. coli.  This indicator organism was 
selected as the challenge microorganism as it is known to be a common contaminant in raw 
meat and fermented meat products (Castano et al., 2002, Sumner et al., 2005, Ferreira et al., 
2006, Petchsing and Woodburn, 1990) including nem chua (as demonstrated in Chapter 2  
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It is also generally recommended to use at least two strains of challenge microorganisms for 
challenge testing, a food isolate and a reference strain (Uyttendaele et al., 2004). The use of 
a food isolate is recommended because it is likely to better represent the behaviour of a 
naturally contaminating strain. The use of a reference strain, on the other hand, allows the 
comparison of the outcome of challenge tests in different settings. Therefore, the challenge 
microorganism is usually a mixed inoculum (Notermans et al., 1993, Vestergaard, 2001, 
Uyttendaele et al., 2004). The use of a mixed inoculum also circumvents variations in 
growth and survival that might occur between strains under different sub-optimal 
conditions. For fermented products like nem chua, the strains used in the inoculum should 
also be acid resistant (Notermans et al., 1993, Vestergaard, 2001, Uyttendaele et al., 2004). 
Though the literature has reported the use of pathogenic E. coli such as E. coli O157:H7 as 
challenge microorganism (Faith et al., 1997, Porto-Fett et al., 2008, Muthukumarasamy and 
Holley, 2007), Duffy et al. (2000) stated that it would be extremely dangerous to carry out 
challenge studies using pathogenic E. coli strains and recommended the use of non-
pathogenic acid resistant E. coli strains as challenge microorganisms. The Australian 
regulations also specify the use of nonpathogenic E. coli strains as challenge 
microorganisms (Ross and Shadbolt, 2001, Food Standards Australia New Zealand, 2003).  
The aim of this chapter therefore, was to evaluate the inhibitory ability of L. 
plantarum A17 and B21 towards E. coli in vitro and in situ. In particular, their ability to 
reduce load of a composite mixture of three E. coli strains in MRS broth (in vitro) and in 
nem chua (in situ) was examined. Their ability to reduce naturally contaminating E. coli in 
nem chua was also examined in shelf-life study. 
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6.2. Materials and methods 
6.2.1. Bacterial strains used in this study 
The test organisms in this study were L. plantarum A17 and L. plantarum B21. The 
challenge organisms were a composite mixture of three E. coli strains, namely E. coli NC31 
(isolated from nem chua), E. coli K12TG1 and E. coli LCB 320 (reference strains, from the 
collection of Laboratoire de Microbiologie, Ensbana (Dijon, France)). 
 6.2.2. Culture and inoculum preparation 
Unless otherwise stated, the LAB strains were resuscitated and subcultured in MRS 
broth and MRS agar, incubated at 30oC; and E. coli strains in LB broth and LB agar, 
incubated at 37oC. The bacterial strains were resuscitated from frozen cultures at -80oC into 
the suitable medium broth, incubated for 24 hours and then streaked onto its medium plates. 
Everytime the culture was needed, one colony was taken from the plate for a futher 
subculture to ensure purity. The plates were kept for a maximum of four weeks at 0 − 4oC, 
and then re-subcultured into other plates, which were then kept for maximum four weeks. 
After this, the culture was resuscitated again from frozen cultures at -80oC. 
The spiking suspensions were prepared on the day of inoculation for each study. The 
cell suspension of each strain was prepared by transferring one colony from an agar plate to 
5 mL of suitable medium broth and incubated for 24 hours. The 24-hour cultures were 
referred to as the “undiluted spiking suspensions”, which were counted on MRS agar 
(30oC/24 h) for LAB or on Endo agar (44oC/24 h) for E. coli as described in Section 6.2.8. 
These counts were used to calculate the volume of cell suspensions and diluents required to 
produce an inoculum of 107 CFU per mL of broth or g of nem chua for LAB, and a cocktail 
of E. coli that contained approximately equal numbers of 105 CFU per mL of broth or per g 
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of nem chua for each E. coli strain. The appropriate “dilute spiking suspensions” thus were 
produced by serially 10-fold diluting the undiluted spiking suspension using 0.85% saline 
water, as follows: 
- in vitro study: LAB spiking suspension was prepared from 100 µL of undiluted 
spiking suspension. E. coli spiking suspension was prepared by diluting the undiluted 
spiking suspension 10-fold and 100 µL of diluted spiking suspension was used. 
- in situ study: To prepare LAB spiking suspension, 5 mL of undiluted spiking 
suspension of LAB was centrifuged at 3,300 × g for 20 minutes and the cell pellets 
were resuspended in 0.5 mL of 0.85% saline water, all of which was used for spiking. 
E. coli spiking suspension was 0.5 mL of undiluted spiking suspension of each E. coli 
strain.  
All inoculation procedures were performed aseptically to minimize contamination. 
The antagonism studies were performed in duplicate. 
6.2.3. In vitro antagonism 
A series of 15 mL- Falcon tubes containing 10 mL of MRS broth was prepared. The 
spiking suspensions of test organism (107 CFU/mL) and three E. coli strains (105 CFU/mL 
of each strain) were prepared as described in Section 6.2.2. and then added and mixed 
thoroughly. The control tubes contained only E. coli cocktail (105 CFU/mL of each strain) 
or LAB strain (107 CFU/mL). All tubes were incubated at 30 ± 2oC. At time intervals, pH 
determination (Section 2.2.2) and enumerations of LAB and E. coli were performed in 
triplicate (described in Section 6.2.8).  
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6.2.4. Preparation of nem chua for experimental studies 
Nem chua was produced at the laboratory of the Department of Fermentation 
Technology (Hanoi University of Technology, Vietnam) using the following formulation: 
63% fresh lean pork, 30.8% boiled shredded pork grind, 1.6% ground roasted rice, 3% 
sucrose and 1.6% salt. All the ingredients were purchased from the market. The pork was 
ground using the commercial meat grinder for two minutes. If back-slop was used, the 
amount of nem chua used as back-slop was 15 g/kg of meat, which was comminuted with 
the pork in the grinder. GRR, shredded pork rind, sucrose and salt were then added in that 
order and mixed thoroughly. This experimental nem chua mix was then portioned, shaped 
and packed in clean plastic bags (10 g each) and wrapped in banana leaves.  
6.2.5. Preliminary trials for in situ antagonism 
Preliminary trials of the inoculation and recovery procedures were conducted. Four 
trial batches of 500 g of nem chua mix were prepared as described in Section 6.2.4.: Trials 
1 and 2 were inoculated with 0.5 mL of diluted spiking suspension of L. plantarum A17 
and trials 3 and 4 were inoculated with 0.5 mL of undiluted spiking suspension of each E. 
coli strain (described in Section 6.2.2.). The suspensions were added drop wise at four 
points (four corners) of the nem chua mix. The nem chua was then mixed thoroughly by 
hand for 5 − 10 minutes, then portioned, shaped and packed in clean plastic bag (10 g each) 
and wrapped in banana leaves. Three random nem chua from each batch were selected and 
enumerated for LAB or E. coli as described in Section 6.2.8. 
6.2.6. In situ antagonism 
 Nem chua was made as described in 6.2.4: Two (2) kg of pork was ground, then 
divided into four equal 0.5 kg-portions to produce four batches as shown in Table 6.1 
____________________________________________Chapter 6- Evaluation of direct antagonisms 
153 
(batches 1 − 4). The spiking suspension (prepared as described in 6.2.2.) was added drop 
wise at four points (four corners) of each nem chua mix. In the batches with back-slopping, 
the nem chua used as back-slop was weighed accordingly as described Table 6.1 and 
comminuted with the pork in the grinder. The mass was mixed thoroughly. Other 
ingredients were added and mixed thoroughly. The nem chua mix was then portioned, 
shaped and packed (10 g each). All were incubated at 30 ± 2oC and samples were taken at 0 
h, 8 h, 16 h, 24 h, 36 h, 48 h and then on daily basis till ten days or when the samples 
became completely spoilt. The temperature of 30oC was selected for this study as it is most 
closely reflected the current common practice of nem chua fermentation, which is leaving it 
ferment naturally at ambient condition in summer (average temperature of 29.2oC) and in air-
conditioned room set at 25 − 30oC in winter. At each time interval, duplicate nem chua 
samples were examined visually for spoilage, appearance and smell and then opened 
aseptically for pH determination (Section 2.2.2) and enumerated for LAB and E. coli 
(Section 6.2.8). 
6.2.7. Shelf-life study 
The shelf-life study was conducted similarly to in situ antagonism study, except that 
E. coli was not inoculated, as shown in Table 6.1 (batches 5 − 8).  
6.2.8. Microbial counts of nem chua samples 
The appropriate suspensions from nem chua were aseptically homogenized and 
diluted as described in 2.2.3.1. LAB and E. coli counts were performed as described in 
2.2.3.2. Our preliminary work illustrated that LAB do not grow on Endo agar at 44oC, 
therefore this medium was suitable for use as selective enumeration medium for E. coli. All 
red colonies with permanent metallic sheen on Endo agar plates (44oC/24 h) and positive 
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for indole production (section 2.2.3.2.) were counted as E. coli. LAB counts were achieved 
by subtracting the counts obtained on MRS agar (30oC/24 h) with E. coli counts obtained 
from Endo agar (44oC/24 h). 
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Table 6.1. Nem chua batches for in situ antagonism and shelf-life studies.  
Batch Description 
Starter culture 
load (CFU/g) 1  
Challenged E. coli 
load (CFU/g) 2  
Back-slopping 
(g/kg) 3 
In situ antagonism study 
1 Control * -- 105 -- 
2 Back-slopping * -- 105 15 
3 A17 * 107 105 -- 
4 B21 * 107 105 -- 
Shelf-life study 
5 Control  -- -- -- 
6 Back-slopping -- -- 15 
7 A17 107 -- -- 
8 B21 107 -- -- 
*: the batches inoculated with a cocktail of E. coli strains. 
1: Inoculation of starter culture (L. plantarum A17 or B21) into nem chua mix; ‘--' 
means no addition of starter culture. 
2: Inoculation of a cocktail of E. coli strains into nem chua mix; ‘--' means no addition 
of E. coli. 
3: g of nem chua used as back-slop per kg of meat; 0 means no addition of back-slop. 
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6.3. Results 
6.3.1. In vitro antagonism of L. plantarum A17 and B21 towards E. coli 
The in vitro antagonism of L. plantarum A17 and B21 towards E. coli is 
demonstrated in Figure 6.1. MRS broth appeared to be a suitable medium for E. coli growth 
and with only a slight pH drop (Figure 6.1a) in comparison to the broths to which the strain 
A17 or B21 was also added (Figure 6.1b). Both strains of A17 and B21 could reduce pH of 
MRS broth to < 4.0 within one day, and B21 produced greater pH reduction in MRS broth 
compared to A17 (Figure 6.1b). However, L. plantarum A17 showed better E. coli 
inhibitory ability in MRS broth (Figure 6.1c). In particular, after one day of fermentation, L. 
plantarum A17 could reduce 3.19 log of E. coli in MRS broth compared to 2.69 log by L. 
plantarum B21. Additionally, L. plantarum A17 could reduce E. coli load to <10 CFU/g 
after 1.5 days of fermentation while it took L. plantarum B21 three days. Both L. plantarum 
A17 and B21 could reduce E. coli loads in MRS broth from 105 to < 100 CFU/mL, i.e. more 
than 5-log reduction in ≤ three days. 
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Figure 6.1. Antagonistic abilities of L. plantarum A17 and B21 in vitro (MRS broth).  
(a) Control (E. coli in MRS broth); (b) Changes in pH and (c) Changes in E. coli loads in 
MRS broth inoculated together with either L. plantarum A17 or L. plantarum B21. 
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6.3.2. Preliminary inoculation trials for in situ studies 
The preliminary trial was aimed to evaluate the inoculation and recovery practices. In 
other words, it was meant to test if the inoculation practice resulted in even distribution of the 
bacteria throughout the nem chua mix and if the microbiological counts at time t = 0 were 
close to the level of inoculation. Only A17 was used for this preliminary trial, as it was 
assumed that the results would be similar whether the strain A17 or B21 was used.  
 The results for the preliminary inoculation trials with test organisms and challenge 
organisms in nem chua are shown in Table 6.2. The recovery of both test and challenge 
organisms was excellent, with limited variability in numbers, indicating that the inocula 
were evenly distributed throughout the nem chua mix. This confirms that the inoculation 
and recovery procedures were appropriate. 
Table 6.2. Microbial counts of preliminary inoculation trials for in situ studies 
Trials 1 and 2 were inoculated with L. plantarum A17; trials 3 and 4 were inoculated with 
E. coli cocktail. Values are mean ± SD (n = 3). 
Trials 
LAB  E. coli 
Counts  
(log CFU/g) 
Inoculum 
recovery rate (%) 
 Counts  
(log CFU/g) 
Inoculum 
recovery rate (%) 
1 7.29 ± 0.06 104.1  -- -- 
2 7.34 ± 0.07 104.8  -- -- 
3 -- --  5.47 ± 0.22 99.9 
4 -- --  5.55 ± 0.09 101.3 
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6.3.3. In situ antagonism of L. plantarum A17 and B21 towards E. coli 
The common practice of nem chua production usually involves either natural 
fermentation (no addition of starter culture) or back-slopping (using the previous successful 
batch as the starter for the subsequent one). In this study, four batches of nem chua (batch 
1−4) were produced using each of the following: control (natural fermentation), back-
slopping, L. plantarum A17 and L. plantarum B21 respectively. All four batches were 
challenged with a composite mixture of E. coli strains. The challenge level of E. coli in nem 
chua was selected to be 105 CFU/g to make experimental observations of reduction as well as 
to minimize the influence of naturally contaminated E. coli in the product (which showed to be 
around 104 CFU/g in Figure 6.3c) to the results. As there appears to be growth of E. coli 
during the first eight hours of fermentation (Figures 6.1c, 6.2c and 6.3c), ‘maximum 
reduction’ of E. coli, which is the difference between the highest and lowest loads of E. coli 
achieved during the experiment, was used to evaluate the inhibitory effects of LAB on E. 
coli rather than ‘reduction’, which is simply the difference between the loads of E. coli at 
two different time intervals.  
Nem chua products at different stages of fermentation were tested for pH, LAB count 
and E. coli count as shown in Figure 6.2. There was no significant difference in the pH of 
the four batches during the first four days of fermentation.  However, after day four, while 
the pH of nem chua using L. plantarum A17, B21 and back-slop remained at ≤ 4.5, the pH 
of the control started to increase (Figure 6.2a). Batch 1 (control*) had the lowest LAB loads 
as well as the lowest E. coli reduction compared to batches 2 − 4 (Figure 6.2b).  
The most significant results are shown in Figure 6.2c where the use of L. plantarum 
A17 or L. plantarum B21 as starter culture not only inhibited E. coli growth but also 
exhibited > 4-log reduction in E. coli load after four days of storage. Both the control and 
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back-slopped batches of nem chua provided only about one log reduction after 1.5 days of 
fermentation. Although the reduction of E. coli in back-slopped nem chua was slightly 
better than the control (maximum reduction of 2.2 log in the former), it still did not meet 
the ANZFA requirements (i.e. three-log reduction). The use of either L. plantarum strain as 
starter culture, on the other hand, not only inhibited E. coli growth but also demonstrated its 
capability to reduce E. coli to <10 CFU/g (i.e. > 4-log reduction) after four days (i.e. 
maximum reduction achived) and maintained at this level for at least ten days. The results 
also showed that L. plantarum B21 produced faster E. coli reduction in the first 1.5 days 
(i.e. the average time for fermentation) in comparison to A17. However, L. plantarum B21 
achieved 3-log reduction of E. coli after around three days, which is slower compared to 
two days by L. plantarum A17. Nevertheless, our results illustrated that both of the selected 
L. plantarum strains (A17 and B21) isolated from nem chua were effective in controlling E. 
coli and met the ANZFA requirements for use as starter cultures for this product. 
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Figure 6.2. Changes in (a) pH; (b) LAB loads and (c) E. coli loads of nem chua batches 
challenged with a composite mixture of E. coli. 
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6.3.4. Shelf-life study 
In this study, the use of L. plantarum A17 and B21 as starter culture (batches 7 and 8) 
was evaluated against the common practice of nem chua production (batches 5 and 6) with 
respect to the ability to reduce naturally contaminating E. coli in nem chua. The results for 
pH, LAB and E. coli counts in nem chua products at different stages of fermentation are 
shown in Figure 6.3. The changes in pH and LAB counts in these nem chua were similar to 
the corresponding nem chua batches in in situ study. The pH of naturally fermented nem 
chua (control) started to increase after around three days while pHs of the other batches 
remained ≤ 4.5 (Figure 6.3a). Nem chua made using L. plantarum A17, L. plantarum B21 
and back-slop also had LAB loads of two to three logs higher than the control throughout 
the entire storage period (Figure 6.3b).  
The use of L. plantarum A17 or L. plantarum B21 as starter culture resulted in up to 
three-log reduction in E. coli load, as shown in Figure 6.3c. Both the control and back-
slopped batches of nem chua provided only about one log reduction after 1.5 days of 
fermentation. The results also showed that L. plantarum A17 produced quicker E. coli 
reduction compared to L. plantarum B21. For instance, A17 took three days to reduce E. 
coli to <10 CFU/g while B21 took four days. Nevertheless, both of the selected L. 
plantarum strains (A17 and B21) proved to be effective as biopreservatives by reducing up 
to 4-log of E. coli within three to four days of fermentation. 
The shelf stability of the nem chua was illustrated in Figure 6.4. The results 
demonstrated that the use of L. plantarum A17 and B21 as starter cultures remarkably 
enhanced product shelf-life. The control (naturally fermented) and back-slopped nem chua 
developed objectionable spoilage appearance with white maggots, mould and mucus as 
well as undesirable odour after three and 2.5 days respectively. The nem chua made with L. 
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plantarum A17 or L. plantarum B21, on the other hand, remained wholesome and without 
any signs of spoilage or undesirable odour after ten days of storage at 30oC. 
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Figure 6.3. Changes in (a) pH; (b) LAB loads and (c) E. coli loads of nem chua using L. 
plantarum A17 or B21 as starter culture.  
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Figure 6.4. Nem chua from batches 5 to 8 after storage at 30oC. 
(a) Naturally fermented (control) nem chua after three days;  
(b) Back-slopped nem chua after 2.5 days;  
Nem chua with (c) L. plantarum A17 and (d) L. plantarum B21 as starter cultures after ten 
days of storage. It was observed that nem chua samples in (a) and (b) appeared to have 
white maggots, mould and mucus while nem chua in (c) and (d) remained wholesome. 
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6.4. Discussion 
The ability of the strains L. plantarum A17 and B21 to control E. coli contamination 
in vitro and in situ has been demonstrated in this Chapter (Figures 6.2 and 6.3). The results 
illustrated the ability of both strains to grow and ferment quickly from 7 log to >9.0 log 
within one day both in vitro and in situ. Both strains could also reduce pH from >6.0 to 
<4.0 in one day in vitro and from >6.0 to ≤4.5 in less than two days in situ. The result of in 
situ antagonism study also demonstrated the ability to reduce 3-log of E. coli within two 
days and to <10 CFU/g of E. coli, i.e. >4-log reduction within four days. It is important to 
note that the three E. coli strains used in this study were acid-resistant as they could survive 
and grow in MRS broth with pH as low as 4.5, as shown in Figure 6.1a, 6.2a and 6.4a. Both 
strains A17 and B21 strains meet the Australian regulatory requirements for use as meat 
starter culture and the nem chua produced using L. plantarum A17 or B21 as starter culture 
had satisfactory E. coli loads. 
The difference in the behaviours of L. plantarum A17 and B21 is illustrated in Figure 
6.2c. It is observed that in nem chua fermented by L. plantarum A17, E. coli load increased 
nearly one log within the first eight hours and then reduced more than three logs after two 
days of fermentation. These changes in E. coli loads corresponded to pH reduction to 5.50 
in the first eight hours and then to 4.5 after two days. L. plantarum B21, on the other hand, 
reduced E. coli loads in nem chua right from the beginning of fermentation (Figure 6.2c). 
However, after 1.5 days, the inhibitory effects of L. plantarum B21 on E. coli was less 
dramatic compared to L. plantarum A17. Both strains however could reduce E. coli loads in 
nem chua to <10 CFU/g after four days of fermentation. The observed difference is mostly 
likely due to the production of plantaricin B21 by L. plantarum B21. Bacteriocins by L. 
plantarum could be produced after five hours of fermentation (Dicks et al., 2004), which 
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accounts for the observed reduction of E. coli within the first eight hours in nem chua 
fermented by L. plantarum B21. The ability of plantaricin to tolerate pH as low as 3.0, as 
demonstrated in Chapter 5, is very important in maintaining the low E. coli load in nem 
chua when the pH of the product dropped to 4.5. It is also interesting to note that L. 
plantarum A17, which was selected for its strong acidifying ability as demonstrated in 
Chapter 4, behaved like most other starter cultures, of which the antagonism is mainly due 
to pH reduction (Adams, 2001).  
To our knowledge, this is the first study that evaluates the fate of E. coli in 
experimentally challenged nem chua fermented using L. plantarum. Similar studies on E. 
coli in other fermented sausages using different LAB starters have been reported. In these 
studies, the rate of E. coli lethality was usually a result of fermentation in combination with 
subsequent drying and in some cases, smoking. Montet et al. (2009) studied the survival of 
E. coli in French raw meat sausages fermented by commercial starter culture including L. 
sakei, Staphylococcus carnosus and Staphylococcus xylosus. The authors observed a 1 – 1.5 
log reduction of E. coli during the first 5-days of fermentation and two to four logs to <10 
CFU/g after 35 days (maturation and drying). In another study by Muthukumarasamy and 
Holley (2007) on dry fermented sausages using P. pentosaceus and L. reuteri as starter, a 
decrease in the number of E. coli O157:H7 by one-log during the fermentation, by 0.7-log 
at the end of drying and by 1.7-log after 27 days of drying in the sausage processing was 
reported. Several other studies on the survival of E. coli O157:H7 in the non-heated dry 
sausage manufacturing process have shown that the counts of E. coli O157:H7 could be 
reduced by one to three log units during fermentation and subsequent drying (Clavero and 
Beuchat, 1996, Chacon et al., 2006, Faith et al., 1997, Calicioglu et al., 2002). The rates of 
E. coli reduction during fermentation in these studies were slower than observed in our 
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study. The reason is possibly because the fermentation process in other studies occurred at 
lower temperature (usually 20 − 24oC compared to 30oC in the case of nem chua) and more 
slowly (i.e. in more than 20 days compared to maximum four days in the case of nem 
chua). These differences are important as Ross and Shadbolt (2001) and  McQuestin et al. 
(2009) both found the combined effects of fermentation temperature and time are 
responsible for most of the observed death of E. coli.  
This study demonstrated the superiority of using starter culture compared to natural 
fermentation or back-slopping. Back-slopping proved to be more effective than natural 
fermentation in providing sufficient LAB to initiate the fermentation process (107 CFU/g) 
with resulting pH drop to 4.5 within one day. However, our results also showed that the use 
of back-slop was not sufficient in controlling the microbial contamination in the product 
(higher E. coli loads compared to the naturally fermented nem chua). In fact, the use of 
back-slop could involve even higher risks due to the contaminated or physiologically 
inactive back-slop (Australia New Zealand Food Authority, 1996). The use of starter 
cultures, on the other hands, resulted in remarkable positive effects on E. coli load and 
storage stability of nem chua. The nem chua produced using starter cultures remained 
wholesome without any signs of spoilage or undesirable odour after ten days of storage at 
30oC with the E. coli load maintained at <10 CFU/g, as illustrated in Figure 6.4. More 
research is required before the precise explanation can be made on the development of 
maggots in the control and back-slopped nem chua but not the ones with protective starter 
culture. It could possibly be suggested that maggots’ eggs could very likely to have been 
present in the raw materials, including raw meat and herbs, if the hygienic conditions and 
proper cleaning are not applied. In the favourable conditions such as growth of LAB and 
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their inhibitory effects start to decline, maggots’ eggs as well as other unwanted 
competitive microorganisms could develop.  
Our findings agreed with Kimaryo et al. (2000) and Holzapfel (2002) that the use 
starter culture would indeed improve product safety, quality and storage stability. This is an 
important contribution to the extension of product shelf-life as nem chua can normally be 
kept for only up to three to four days at room temperature or up to ten days at refrigerated 
conditions. This improvement is especially meaningful considering that the most popular 
distribution and storage condition of nem chua currently is still at ambient temperature. The 
findings of this study thus have great potentials for commercial application. However, 
further study is required to evaluate the sensory characteristics of nem chua products using 
starter culture. 
6.5. Conclusion 
Two Lactobacillus plantarum strains, isolated from nem chua, showed strong and 
broad inhibitory spectra towards all LAB and pathogen indicators. Both strains were also 
capable of reducing E. coli contamination by more than 4-log to <1 CFU/mL in vitro and 
<10 CFU/g in situ. Our results also show that natural fermentation and back-slopping 
produced nem chua products with unacceptable E. coli levels. Our isolated starter cultures 
(L. plantarum A17 and B21) were capable of four log reduction in E. coli loads and 
produced safe nem chua with better keeping quality and longer shelf-life. 
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CHAPTER 7- OVERALL CONCLUSIONS AND FUTURE 
DIRECTIONS 
7.1. Overall summary and conclusions 
This study demonstrated the hygienic deficiencies of nem chua. Using the Australian 
microbiological guidelines for uncooked fermented meat, 92.2% (83/90) of the samples 
were classified as unacceptable for Enterobacteriaceae, 53.3% (48/90) as unacceptable for 
E. coli and 56.6% (51/90) as unacceptable for S. aureus. High levels of Enterobacteriaceae 
including E. coli, and S. aureus in nem chua indicated poor production hygiene and poor 
handling practices and likely human contamination. It was also observed that the product 
origin, retail outlet and storage condition had a significant effect (P<0.05) on product 
microbiological quality. The interesting question is how this traditional fermented meat 
product has survived the market for generations, considering the risks involved in its 
consumption. This raised the interests in the native LAB population in the product, which 
are known to produce organic acid(s) and other antimicrobial compound(s) during 
fermentation. 
Investigation of the native LAB in nem chua shows that the species L. plantarum and 
P. pentosaceus were predominant in nem chua, accounting for 67.6% and 22.7% of all 
LAB respectively, followed by L. brevis (9.3%) and L. farciminis (1.4%). These LAB, 
which were present in nem chua as a result of natural contamination in raw materials and/or 
through back-slopping, have been responsible for nem chua fermentation for generations. 
Interestingly, the majority of L. plantarum strains (72%) derived from nem chua from the 
Northern region of Vietnam while the majority of P. pentosaceus strains (62.5%) were from 
nem chua from the Middle region. This observation assists in explaining the uniqueness and 
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the significant variation in product sensory characteristics among nem chua from different 
regions. Analyses of the PFGE and rep-PCR molecular fingerprints of the LAB from the 
same species reveal the great genetic plasticity of the LAB within the same species, with 
similarities ranging from 16.9 to 100%. In other words, there is not one strain of LAB that 
predominates in nem chua fermentation. This could possibly be the reason for the 
unpredictable and uncontrolled fermentation of nem chua and consequently the 
inconsistencies in product sensory and quality. It is, therefore, imperative to isolate and 
select from the native population a LAB strain that can dominate the fermentation process, 
control the unwanted contaminating microorganisms and produce nem chua with consistent 
quality. 
LAB with the potential for use as starter culture were isolated from the native LAB 
population of nem chua. One-hundred and five (105) strong acidifying LAB isolates and 39 
LAB isolates producing an antimicrobial compound other than acids were isolated. Two 
LAB isolates, coded A17 (strong acidifying) and B21 (producing antimicrobial compound 
other than acids), were selected for their strongest and broadest inhibitory spectra towards 
both Gram-positive and negative bacterial indicators. The two isolates were identified to be 
two different L. plantarum strains. The strain L. plantarum B21 was also proven to produce 
a bacteriocin, referred to as plantaricin B21, which is a class II bacteriocin with an apparent 
molecular weight of 5.5 kDa. It is stable over a wide range of pH from 3.0 to 10.0, and 
moderately heat-stable (stable at 37oC/2 h, 37oC/24 h, and 90oC/20 min, and lost after 
121oC/15 min).  
L. plantarum A17 and L. plantarum B21 were demonstrated to qualify the regulatory 
requirements for use as a meat starter culture in microbial challenge study against a 
composite mixture of three E. coli strains. Both L. plantarum strains were able to grow and 
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ferment quickly from 7 log to >9.0 log within one day both in vitro and in situ and reduce 
pH from >6.0 to <4.0 in one day in vitro and from >6.0 to <4.5 in less than two days in situ. 
In vitro, L. plantarum A17 and B21 could reduce E. coli to < 1 CFU/mL (i.e. >5-log 
reduction) after 1.5 and three days of fermentation, respectively. In situ, L. plantarum A17 
and B21 could reduce E. coli to <10 CFU/g (i.e. >4-log reduction) in three and four days, 
respectively. Additionally, both strains could extend product storage stability at 30oC from 
2.5 days as in the case of natural fermentation or back-slopping to >10 days.  
7.2. Possible areas for future research 
For future study on this subject, the sensory characteristics of nem chua produced 
using these starter cultures need to be evaluated, particularly in comparison to naturally 
fermented or back-slopped nem chua. It is also important to trial these starter cultures in 
larger scale and by typical nem chua producers. Storage stability of nem chua produced 
using starter cultures with temperature abuse conditions is also useful to study. 
Further characterisation of L. plantarum A17 and B21 is recommended. L. plantarum 
A17, which was selected for its strong acidifying ability, needs to be further characterised, 
such as the type and amount of acids produced (such as lactic, acetic, propionic acids) 
during fermentation. Similar work on bacteriocin production by L. plantarum B21 is also 
recommended. An optimized purification scheme for plantaricin B21 needs to be developed 
to facilitate the identification of the molecular weight of the purified bacteriocin and its 
amino acid composition. It is also important to further purify this peptide for commercial 
use as there is a great potential for plantaricin B21 to be applied as a natural preservative in 
nem chua as well as other pasteurised, acid or non-acid foods. 
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APPENDICES 
Appendix 1. General equipment 
Balance:  
- Analytical balance      Sartorius Gottingen, Germany  
- Balance (0.1-500 g)      U-Lab, Australia  
Centrifuge: 
- Eppendorf centrifuge     Eppendorf Geratebau, Germany  
- Bench top centrifuge      Centaur 2, MSE.  
Cellulose ester membrane 1K MWCO  Spectrum Laboratories, USA 
Centrifuge tubes  
- 1.5 mL centrifuge tubes    Treff AG, Switzerland.  
- 10 mL centrifuge tubes     Sarstedt, Australia  
- 50 mL centrifuge tubes     Greiner Labortechnik, Germany  
- 1K Microsept centrifugal devices  PALL Corporation, Australia 
Cover slips        Mediglass, Australia  
Cryogenic tank (liquid nitrogen tank)    Cryo Biological System, USA.  
Cryovials (1.8 mL)       Nalgene Company, USA.  
Dry block heater       Ratek, Australia  
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Electroporation cuvettes (0.2 cm)     BioRad, USA.      
Electroporator       Gene Pulsar, Biorad, USA  
Electrophoresis Power Supply.  
- EPS 500/400       Pharmacia LKB, Sweden.  
- EPS 3000xi       BioRad Laboratories, USA.  
- EPS 600       Pharmacia LKB, Sweden.  
- Power PAC 3000    BioRad, Australia 
Electrophoresis Units:  
- Mini gel (GNA-100)      Pharmacia LKIB, Sweden  
- Midi gel (wide mini-sub cell GT)    BioRad Laboratories, USA  
ELISA reader      MR 7000, Dynatech, Germany 
Freeze-drier      FD12, Dynavac, Australia 
Filter (Acrodisc 0.2µm, 0.45µm)     Gelman Sciences, USA  
GelCompar II software Applied Maths, St-Martens-Latem, 
Belgium 
Gel Doc image system      BioRad, USA  
Microscopes:  
- Light microscope (CH2)     Olympus Optical Co., Japan  
- Phase contrast microscope     Nikon Kogaku KK, Japan  
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Microscope slides       LOMB Scientific Co., Australia   
Mini-Protean Tetra Cell System   BioRad, Australia 
Nylon membrane (Hybond-N)     Amersham, USA   
PCR thermal cyclers       Thermohybaid, UK  
Corbett Research, UK  
Petri dish        Nunc, Denmark  
PFGE Electrophoresis system     CHEF-DRII, Bio-Rad  
pH meter        Mettler Toledo, MP220 
Platform shaker       Ratek, U-lab, Australia  
Sonicator        Branson Sonic Power Co., USA  
Spectrophotometer: Dynatek MR7000    Baxter Dagnostics, Australia  
Stomacher Stomacher® 400 Circulator, Seward, 
UK 
Syringe (1 mL, 5 mL, 10 mL, 20 mL, 50 mL)   Terumo Pty, Ltd., Australia   
Waterbath        Ratek, U-lab, Australia  
Whatman blotting paper      Whatman, England  
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Appendix 2. Microbiological media, chemicals and kits 
ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction kit  
Perkin-Elmer Corp., USA  
API 20E, API 50 CHL kits    Bio-Merieux, Australia 
Acetic acid, glacial        BDH Chemicals, Australia   
Acetone       BDH Chemicals, Australia.  
Acrylamide- bisacrylamide mixture (40%)  BioRad Laboratories, USA    
Agarose (DNA grade)      Progen Industries, Australia.  
Albumin, bovine serum (BSA)      Sigma Chemical Co., USA.  
Ammonium acetate       Ajax Chemicals Ltd, Australia  
Ammonium chloride       BDH Chemicals, Australia  
Ammonium hydroxide      BDH Chemicals, Australia  
Ammonium persulfate      BioRad Laboratories, USA  
Bacteriological agar       Oxoid Australia Pty. Limited   
Baird-Parker agar (Cat No. 1054060500)  Merck Chemicals, Australia 
Barium chloride dihydrate (BaCl2.2H2O)     Fluka, Switzerland      
Bromophenol blue       BDH Chemicals, UK.  
n- butanol        BDH Chemicals, UK.  
Chloroform         Ajax Chemicals, Australia  
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p-dimethylamino-benzaldehyde     Fluka, Switzerland  
De Mann, Rogosa and Sharpe (Cat No. 110660) Merck Chemicals, Australia 
DNA marker  
- Lambda ladder for PFGE     New England Biolabs  
- Lambda DNA PstI marker (lambda DNA digested with PstI)  
DNA Polymerase:     
- AmpliTaq Gold       Roche Diagnostics, Germany  
- Expand long template DNA polymerase   Roche Diagnostics, Germany  
dNTPs (deoxynucleoside triphosphates) 10 mM   Roche Diagnostics, Germany   
Endo agar (Cat No. 1040440500)   Merck Chemicals, Australia 
Ethanol        BDH Chemicals, UK.  
Ethidium Bromide (EtBr)      Boehringer Mannheim, Germany  
Ethylenediamine tetra acetic acid, disodium salt  (EDTA) 
BDHChemicals, Australia.  
Glucose         Sigma-Aldrich Pty., Ltd, USA  
Glycerol         BDH Chemicals, Australia  
Glycine         BDH Chemicals, Australia   
Hexadecyltrimethyl ammonium bromide  (CTAB)  Sigma-Aldrich Pty., Ltd, USA  
Hydrochloric acid (32%)      Ajax Chemicals Ltd., Australia  
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Hydrogen peroxide (30 %)      BDH Chemicals, Australia  
Immersion oil       BDH Chemicals, Australia  
Indole KOVACS reagent (Cat No. 1113500001) Merck Chemicals, Australia 
Isoamyl alcohol       BDH Chemicals, Australia  
Isopropanol        Ajax Chemicals Ltd., Australia  
Lysozyme        Roche Diagnostics, Germany  
Magnesium chloride       Perkin Elmer, USA   
Magnesium sulphate       BDH Chemicals, Australia   
Mannitol         BDH Chemicals, Australia  
Methanol        BDH Chemicals, Australia  
Methyl red        Sigma, USA  
Paraffin        BDH Chemicals, Australia  
Peptone        Oxoid, England  
Phenol        BDH Chemicals, Australia  
Phenol/Chloroform/Isoamyl Alcohol    BDH Chemicals, Australia  
Phenol red        Sigma-Aldrich Pty., Ltd, USA  
Phenylmethysulfonyl fluoride (PMSF)    Sigma Chemical Co., USA  
Phosphate buffered saline (PBS)     Oxoid Ltd., England  
Plate Count Agar (Cat No. 1054630500)  Merck Chemicals, Australia 
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Potassium acetate       BDH Chemicals, UK  
Potassium chloride       BDH Chemicals, UK  
Potassium dihydrogen orthophosphate     BDH Chemicals, UK.  
Proteinase K        Sigma Chemical Co., USA  
QIA quick gel extraction kit    QIAgen, USA 
Rabbit blood plasma (Cat No. 1133060001)  Merck Chemicals, Australia 
Restriction enzymes and enzymes buffers:  ApaI, NotI, PstI, SmaI     
       Promega 
RIM E. coli O157:H7 Latex test   Remel, Australia 
Sodium acetate       BDH Chemicals, Australia  
Sodium chloride       BDH Chemicals, Australia  
Sodium citrate       BDH Chemicals, Australia   
Sodium dodecyl sulphate (SDS)     BDH Chemicals, Australia   
di-Sodium hydrogen orthophosphate (anhydrous)   BDH Chemicals, Australia   
Sodium hydroxide (pellets)      BDH Chemicals, Australia  
Sodium phosphate       Mallinckrodt Inc., USA  
Sorbitol        BDH Chemicals, Australia  
Sorbitol MacConkey agar (Cat No. 1092070500) with Tellurite Cefixime (Cat No. 
1092020010)    Merck Chemicals, Australia 
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Sucrose        BDH Chemicals, Australia   
Sulfuric acid        BDH Chemicals, Australia  
Tris (hydroxymethyl) aminomethane (Tris)    Boehringer Mannheim, Germany  
Tryptone        Oxoid Ltd., England  
mTSB with Novobiocin (Cat No. 1092050500) Merck Chemicals, Australia 
Tween 20        Sigma Chemical Co., USA  
Tween 80        Sigma Chemical Co., USA  
Urea          BDH, Australia  
Violet Red Bile Dextrose (Cat No. 1102750500) Merck Chemicals, Australia 
Whatman blotting paper      Whatman, England  
Wizard Genomic DNA Purification kit    Promega, USA  
Yeast extract        Oxoid Ltd., England  
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Appendix 3. Solutions and buffers 
Acrylamide- bisacrylamide mixture (49.5% T, 3% C): 48% (w/v) acrylamide, 1.5% (w/v) 
bisacrylamide 
Coomassie blue reagent for Bradford method: Coomassie Brilliant G-250 dye (100 mg) was 
dissolved in 50 mL 95% ethanol, followed by addition of 100 mL 85% phosphoric 
acid, and making up to 1 L of Milli-Q water and store at 4oC. The required amount 
was filtered the through 0.45 µm filter before use. 
Coomassie blue stain for SDS-PAGE: 40% (v/v) methanol, 10% (v/v) acetic acid, 0.05% 
Coomassie brilliant blue R-250 in Milli-Q water 
CTAB/NaCl: Dissolve 4.1 g of NaCl in 80 mL milli-Q H2O, add 10 g CTAB while heating 
to 65°C until fully dissolved and then make up to 100 mL with milli-Q water 
CI (24:1): 24% (v/v) chloroform, 1% (v/v) isoamyl alcohol in milli-Q water 
Destaining solution for SDS-PAGE: 40% (v/v) methanol and 10% (v/v) glacial acetic acid.   
DNA loading buffer (6×): 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF, 
40% sucrose in water.   
Ethidium bromide (EtBr): 10 mg/mL EtBr. This solution is not autoclaved.   
EC lysis buffer: 0.2% (w/v) sodium deoxycholate, 0.5% (w/v) N-lauryl sarcosine, 1 mg/mL 
lysozyme 
EDTA (0.5 M, pH 9): To prepare 200 mL of 0.5 M EDTA solution, add 37.22 g EDTA to 
150 mL MilliQ water with 20 g NaOH pellets, adjust pH to 9.0 and make up to 200 
mL.  
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Electrophoresis buffers for Tris-glycine SDS-PAGE: 0.3% (w/v) Tris, 1.44% (w/v) glycine 
and 0.1% (w/v) SDS. 
Electrophoresis buffers for Tricine-SDS-PAGE:  
 - Cathode buffer (inside the cassette): 0.1 M Tris, 0.1 M Tricine,  0.1% SDS 
 - Anode buffer (outside the cassette, inside the chamber): 0.2 M Tris-HCl, pH 8.9 
ESP buffer: 0.5 M EDTA pH 9.0, 1% N-lauryl sarcosine, 1 mg/mL Proteinase K.  
Fixing solution for SDS-PAGE gels: 20% (v/v) isopropanol, 10% (v/v) acetic acid 
Fluoride/TE solution: 0.0186 g PMSF was added to 1 mL of isopropanol, prewarmed the 
mixture at 37°C for 15 min. Rewarmed TE (37°C, 25 mL) was then added aseptically 
to the mixture.  
Luria-Bertani agar (LB  agar):  1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) 
NaCl, 1% (w/v) bacteriological agar. 
Luria-Bertani broth (LB broth): 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) 
NaCl 
Lysis buffer for DNA extraction: 50 mM Tris, 1 mM EDTA, 6.7% sucrose 
PCI (25:24:1): 25% (v/v) phenol, 24% (v/v) chloroform, 1% (v/v) isoamyl alcohol in milli-
Q water 
Phosphate buffered saline (PBS, 50×): PBS 10 × (0.1 M, pH 7.2) was prepared by adding 
5.14 g NaH2PO4.2H2O, 11.85 g Na2HPO4.2H2O and 85 g NaCl in 950 mL Milli-Q 
water, adjusting pH to 7.2 and then making up to 1 L. This was diluted to 1 × before 
use. 
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PIV buffer: 10 mM Tris-HCl, 1 M NaCl, adjusted to pH 7.6. 
Potassium acetate solution: 3.0 M potassium acetate (KAc), pH 4.8. 
Saline water: 0.85% (w/v) sodium chloride (NaCl) in Milli-Q water. 
Sample loading buffer (5×) for SDS-PAGE: The buffer consists of 0.6 mL of 1 M Tris-HCl 
(pH 6.8), 5 mL of 50% glycerol, 2 mL of 10% SDS, 0.5 mL of 2-mercaptoethanol, 1 
mL of 1% bromophenol blue and 0.9 mL of milli-Q water. 
TAE  buffer  (50×):  Tris-base  (24.2%  w/v),  glacial  acetic  acid  (5.17%  w/v)  and  
EDTA (1.86% w/v) were dissolved in Milli-Q water. This was diluted to 1× with 
Milli-Q water before use.  
TBE buffer (5×): Tris base (0.445 M), Boric acid (0.445 M) and EDTA (12.5 mM) 
dissolved in Milli-Q water and adjusted to pH 8.0. This solution is diluted to TBE 
0.5× before PFGE. 
TE buffer: 10mM Tris base, 1 mM EDTA, pH 8.0  
TES buffer: 50 mM NaCl, 30 mM tris, 5 mM EDTA, pH 8.0 
Tris 1.5 M, pH 8.8: To prepare, dissolve 27.25 g Tris in 100 mL Milli-Q water, adjust pH to 
8.8 and then make up to 150 mL 
Tris 1.0 M, pH 6.8: To prepare, dissolve 18.17 g Tris in 100 mL Milli-Q water, adjust pH to 
6.8 and then make up to 150 mL 
Tris 2 M, pH 8.0: Dissolve 48.44 g Tris in 150 mL Milli-Q water, adjust pH to 8.0 and then 
make up to 200 mL. 
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Tris-HCl/SDS 3 M, pH 8.9: To prepare, make a 3 M Tris-HCl solution, adjust to pH 8.9 
and then add 0.3% (w/v) of SDS. 
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Appendix 4. Identification of LAB isolates studied in Chapter 3 
Isolate 
number 
Isolate description Identification 
Region1 Outlet2
1 N   m   L. plantarum 
2 N   m   L. plantarum 
3 N   m   L. plantarum 
4 N    o  L. plantarum 
5 N    o  L. plantarum 
6 N    o  L. plantarum 
7 N    o  L. brevis
8 N    o  L. brevis
9 N    o  L. brevis
10 N    o  L. brevis
11 N    o  L. brevis
12 N    o  L. brevis
13 N    o  L. plantarum 
14 N    o  L. plantarum 
15 N   m   L. plantarum 
16 N   m   L. plantarum 
17 N   m   L. fariciminis
18 N    o  P. pentosaceus 
19 N    o  P. pentosaceus 
20   S m   P. pentosaceus 
21 N   m   L. plantarum 
22 N   m   L. plantarum 
23 N   m   L. plantarum 
24  M   o  P. pentosaceus 
25  M   o  P. pentosaceus 
26  M   o  P. pentosaceus 
27  M   o  P. pentosaceus 
28  M   o  P. pentosaceus 
29  M   o  P. pentosaceus 
30  M   o  P. pentosaceus 
31  M   o  P. pentosaceus 
32  M   o  L. plantarum 
33  M  m   P. pentosaceus 
34  M  m   L. plantarum 
35  M  m   P. pentosaceus 
36 N     s L. plantarum 
37 N   m   L. plantarum 
38 N   m   L. plantarum 
39   S  o  L. plantarum 
40   S  o  L. plantarum 
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41   S  o  L. plantarum 
42   S  o  P. pentosaceus 
43   S  o  L. plantarum 
44   S  o  L. plantarum 
45   S  o  L. plantarum 
46 N   m   L. plantarum 
47 N   m   P. pentosaceus 
48 N   m   L. plantarum 
49 N   m   L. plantarum 
50 N   m   L. plantarum 
51 N   m   L. plantarum 
52 N   m   L. brevis
53 N   m   L. plantarum 
54 N   m   L. plantarum 
55 N   m   L. plantarum 
56 N   m   L. plantarum 
57 N     s L. plantarum 
58 N     s L. plantarum 
59 N     s L. plantarum 
60 N     s L. plantarum 
61 N     s L. plantarum 
62 N     s P. pentosaceus 
63 N     s L. plantarum 
64 N     s L. plantarum 
65 N     s L. plantarum 
66 N     s L. plantarum 
67   S   s L. plantarum 
68   S   s L. plantarum 
69   S   s L. plantarum 
70   S   s L. plantarum 
71   S   s L. plantarum 
72   S   s L. plantarum 
73 N   m   L. plantarum 
74 N   m   L. plantarum 
1: The region where the nem chua sample was made; N: Northern region; M: Middle 
region; S: Southern region of Vietnam 
2: The outlet where the nem chua sample was sold; m: market stall; o: others; s: 
supermarket 
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Appendix 5. Dendrograms for PFGE and rep-PCR patterns of LAB isolates studied in 
Chapter 3 
A5.1. Dendrogram for PFGE patterns of 50 Lactobacillus plantarum isolates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________________________________________________________________Appendices 
207 
80.0
60.0
73.3
96.8
91.3
92.3
82.1
91.7
79.6
91.7
91.1
88.2
96.0
90.9
84.4
78.7
93.3
84.9
75.7
71.2
93.3
97.0
95.5
82.1
76.1
70.3
67.7
92.3
89.3
81.4
97.3
76.8
84.6
79.9
85.7
77.4
71.9
64.5
55.1
54.9
46.2
rep_PCR
10
0
8060
rep_PCR
66.7
80.0
A5.2. Dendrogram for rep-PCR patterns of 50 Lactobacillus plantarum isolates 
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A5.3. Dendrogram for PFGE patterns of 16 Pediococcus pentosaceus isolates 
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A5.4. Dendrogram for rep-PCR patterns of 16 Pediococcus pentosaceus isolates 
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A5.5. Dendrogram for PFGE patterns of 7 Lactobacillus brevis isolates 
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A5.6. Dendrogram for rep-PCR patterns of 7 Lactobacillus brevis isolates 
 
 
 
 
 
 
